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Background 


HEMOTHERAPY has reached stage which there tendency for general principles 
obscured multiplicity details. This number the Bulletin entitled Background 
Chemotherapy because concerned not with the practical applications chemotherapy, 
but with some aspects its historical development and theory. such approach the 
subject, one the first questions must what chemotherapy this question possible find 
almost many answers there are authorities. Some would exclude, while others include, from the 
definition the local application drugs otherwise described chemotherapeutic. Some would limit the 
term the treatment infections, while others would include the experimental treatment cancer 
chemical compounds. Some would agree with contributor this number the Bulletin, who says 
that the use antitoxins constitutes important part chemotherapy while others would dissent 
vehemently from this view. Only one conclusion possible from these conflicting definitions that the 
word chemotherapy, currently used, has precise meaning. 

Whatever chemotherapy may be, Ehrlich common consent its father, and perhaps interest 
consider the sense which used the term. lecture the Berliner Medizinische Gesellschaft 
February 1907, said: What want specifica, that is, are looking for 
chemical agents which, the one hand, are taken certain parasites and are able kill them and, 
the other hand, the quantities necessary for this lethal action, are tolerated the organism without 
too great the same lecture, Ehrlich expanded this notion referring the properties 
drugs bacteriotropic—or, more generally, organotropic. Drugs were properly described 
specific only their aetiotropy was stronger than their organotropy. 

The essence Ehrlich’s conception chemotherapy was specificity. The conception originally 
owed nothing the treatment infections, but arose from attempts exploit the affinity methylene 
blue for nervous tissue the treatment neuralgia. paper the analgesic action methylene 
Ehrlich wrote 1890 cellular therapy consequence specific cell-nutrition and 
added that only those substances can really influence the cell that are, the expression may permitted, 
eaten 

another paper 1907 Biological therapy Ehrlich speaks Therapia distributiva, and 
1913, his General address chemio-therapy the International Congress Medicine, 
lays down the principle chemotherapy Corpora non agunt nisi fixata. 

Although had earlier used the term specific chemotherapy, Ehrlich came use the more general 
chemotherapy express complex ideas, which first, effective distribution the seat 
action second, fixation the drug the cell tissue, due particular affinity between them third, 
and possible only after the fulfilment the first two conditions, the specific action some part the drug 
the cell, which was property distinct from the affinity which resulted fixation. Because Ehrlich’s 
brilliant conceptions found their most fruitful expression the treatment microbial disease, the term 
chemotherapy has come stand almost exclusively for specific antimicrobial chemotherapy, or, more 
broadly, according recent definition Biol. Rev. 1944, 19, 135), for subject concerning the 
properties and the various interactions drug, parasite, and 

The simpler idea chemical sterilization the infected organism preceded that specific 
antimicrobial chemotherapy. Thus, Macnamara (Practitioner, 1871, 72), only four years after Lister’s 
introduction surgical antisepsis, employed phenol systemically the ground that upon anti-dry-rot 
principles may protect the body from Later, Koch treated animals infected with anthrax 
injecting mercuric chloride, but succeeded only killing the hosts. 

From these considerations, are led the conclusion that the unqualified term chemotherapy 
inadequate. any branch science, axiomatic that term should used different persons 
symbol for the same thing idea. Thought and word are inextricably associated, and looseness 
inconsistency terminology necessarily implies some underlying imprecision ideas. But whatever 
may its most suitable designation, the extent and depth the subject (or subjects) usually regarded 
pertaining chemotherapy are indicated the articles which follow. 
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Dr. who contributes introductory 
article the historical development chemotherapy, director 
the Warrington Yorke Department Chemotherapy the 
Liverpool School Tropical Medicine. was formerly 
associated with Professor Adler work sandflies and 
leishmaniasis Palestine, Iraq and Persia, and was then 
appointed assistant lecturer protozoology the Liverpool 
School Tropical Medicine. was Rockefeller Research 
Fellow the University Chicago from 1931-1933, where 
worked the chemotherapy malaria the Department 
Professor Taliaferro. later worked again the 
Liverpool School Tropical Medicine, first Beit Memorial 
Research Fellow and then member the scientific staff 
the Medical Research Council. During this time was 
associated with the late Professor Warrington Yorke the 
development the diamidines chemotherapeutic agents 
against protozoal infections [see article Warrington Yorke 
this subject 293)] and for few years was seconded 
the Colonial Medical Service, Sierra Leone, West Africa, 
connexion with local outbreak sleeping sickness. the 
Warrington Yorke, the Liverpool School Tropical Medicine 
1943, was appointed its first director. 


and was awarded the Nobel Prize for Medicine, with Dr. Chain 
and Sir Alexander Fleming, 1945. short note his earlier 
work appeared previous number (vol. No. the 
Bulletin, and his work antibiotics too familiar require 
mention here. Sir Howard Florey is, the time going 
visiting South America under the auspices the British 

ouncil. 


the Medical Research Council, apd present working 
the Council’s Unit for Research Cell Metabolism Sheffield 
University also lecturer biochemistry the University. 
His research has been mainly chemical and biochemical 
aspects microbiological problems, commencing Newcastle 
and Oxford with the isolation and synthesis bacterial products. 
This was followed investigations bacterial nutrition, with 
the Medical Research Council’s Department Bacterial 
Chemistry (the work which described Sir Paul Fildes, 
its director, these columns) the Middlesex Hospital, London 
and studies biochemical processes associated with microbial 
growth, while Sheffield. Many the latter investigations 
have been connected with chemotherapeutic problems and have 
illustrated method designing antibacterial agents, and 
included studies the modes action several chemo- 
therapeuticals. References these will found Nature, 
1943, 151, 270; 1944, 153, 300; and Biological Reviews, 
1944, 19, 135, and subsequent papers the Biochemical Journal. 
Dr. Fellow the Chemical Society, and member 
the Biochemical Society and the Society for General 
Microbiology. 


PAUL was for many years assistant bacteriolo- 
gist the London Hospital under the late Professor William 
Bulloch. With Bulloch was the author the standard work 
haemophilia Karl Pearson’s Treasury human inheritance 
was associated with Professor James 
pioneering the Wassermann reaction and 606” Britain, 
and formulated new outlook parasyphilis with McIntosh 
and the late Sir Henry Head. the outbreak the first 
World War and turned anaerobes and produced 
the jar. served the Navy (Surgeon 
Lt.-Comdr., R.N.V.R.) charge the Pathological Laboratory 
the R.N. Hospital, Haslar, where continued study 
syphilis, cerebrospinal fever and influenza. the latter 
connexion, designed Fildes’ for the growth the 
bacillus, and was one the first throw light the growth 
influenzae. Returning the London Hospital, 
took the study tetanus and originated the idea that 
germination spores depended upon suitably low oxidation- 
reduction potential the cultures tissues. This led the 


NOTES 


formation the Medical Research Council’s Unit for 
Chemistry. Fildes was one the authors the Medicai 
Research Council’s volume, Diphtheria, general editor its 
System bacteriology, and one the founders the British 
Journal Experimental Pathology, which has been editor 
director from the beginning. member the usua! 
pathological societies and Fellow the Royal Society. 


Dr. was educated Aberdeen University. 
and after spending year House Physician the late 
Ashley Mackintosh, was awarded the Alexander Anderson 
Scholarship Aberdeen University, with which proceeded 
the Pasteur Institute, Paris, work the laboratories 
Professor Levaditi from 1929 then became 
Scientific Assistant the Director the Imperial Cance: 
Research Fund, London, until was appointed the staff 
the Bland-Sutton Institute Pathology, Middlesex Hospital, 
London, 1936, where has been assistant pathologist for 
years. His work with Professor Levaditi was mainly concerned 
with the pathology and chemotherapy spirochaetal injections 
and the properties and pathogenicity Streptobacillus 
moniliformis. his later work has been engaged 
chemotherapy, virus studies and cancer research, both 
independently and collaboration with Professor James 
who, with Sir Paul Fildes, was the first introduce 
salvarsan therapy Britain. has recently been working 
the development resistance and other factors which interfere 
with the action drugs bacteria the treatment experi- 
mental and clinical infections with penicillin, the 
the acridines and other drugs; and the phenomena inter- 
ference and superinfection animal virus diseases. 


authorities virus disease animals. note his work 
appeared earlier number (vol. No. 12) the Bulletin. 


Dr. HAROLD KING authority medicinal sub- 
stances. was educated Bangor University and from 1912 
1919 worked the Wellcome Physiological and 
From 1919 has been the Staff the 
Research Council the National Institute for Medical Research. 
King has carried out notable work the field alkaloids, 
particular hyoscine and the curare group alkaloids, and 
well known investigator the chemotherapy 
trypanosomiasis and malaria. With Rosenheim put 
revolutionized the chemistry the sterols, sex-hormones, 
poisons and related substances. 


Hospital and professor bacteriology the University 


London. particularly well-known for his work anti- 
bacterial drugs, subject which had d:voted considerable 
attention before the introduction sulphonamides. has 
previously been the subject note (vol. No. 3), this 
Bulletin, which has contributed two previous occasions 
(BMB 48, 197). 


Dr. worked under Trevan and 
[now Sir Henry] Dale before became professor 
pharmacology Cairo. was then appointed the chair 
pharmacology the Pharmaceutical Society, London, and 
few years ago became professor pharmacology Edinburgh. 
has written papers the application mathematical methods 
biology and the use pharmacological methods for the 
estimation substances such histamine, acetylcholine and 
adrenaline the tissues and body-fluids. Most our 
knowledge the physiological importance these substances 
based pharmacological assays. The 
department Edinburgh now active this field. Professor 
Gaddum the author textbook pharmacology which 
provides for medical students and others clear guide the 
important principles the subject. The book was immediately 
recognized possessing many advantages, and has shor 
time become standard work. 
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SKETCH THE HISTORY 
CHEMOTHERAPY 


LOURIE, M.B., D.P.H. 


the Warrington Yorke Department Chemotherapy 
Liverpool School Tropical Medicine 


The word chemotherapy means, literally, the use 
chemical substances for treating the sick. This would cover 
vast field the practice medicine, including the use 
quite simple compounds such sodium bicarbonate 
aspirin for dyspepsia headaches, and more complex 
substances such vitamins hormones for deficiency- 
diseases endocrine disorders. The term should, however, 
restricted its meaning the intention its originator, 
Paul Ehrlich, that is, the treatment only infections (and 
perhaps cancer) chemical compounds. has been well 
stated Schulemann (1939), the investigator chemo- 
therapy strives after somewhat different aims [from those 
the pharmacologist]. not concerned with restoring 
diseased cells their normal function with bringing about 
reversible alteration the cell-functions. aims 
reaching the parasite-cells and throwing their function 
irreversibly out order that the parasite dies but the host 
remains unharmed Chemotherapy thus 
the same time department pharmacology and 
extension that subject. part pharmacology 
far concerned with the action drugs the 
infected subject and lies outside strict conception 
pharmacology far concerned with the action 
drugs the parasite. fact, some the more striking 
modern advances chemotherapy derive from studies 
drug-action the parasite, protozoon bacterium, the 
test-tube, isolated from its host, though the ultimate picture 
can obtained only complementary studies both vitro 
and vivo 1943a). 


Origins Chemotherapy 


Texts the history medicine have acclaimed the 
Father Chemotherapy that colourful, robust, hard-drinking, 
quarrelsome rebel against authority, whose name, keeping 
with his flamboyant character, was Aureolus Theophrastus 
Bombastus von Hohenheim known 
Paracelsus, one account has that himself chose this 
name, with characteristic self-esteem, order signalize 
his parity with Celsus, one the great physicians antiquity. 
The progress medicine had been delayed for thirteen 
hundred years unquestioning servitude the teachings 
Galen, and was the outstanding service Paracelsus that 
finally broke the bonds this powerful tradition. 
startled and outraged the academic world inaugurating 
his appointment professor medicine Basle publicly 
burning the works Galen, and lecturing German for 
all understand, instead Latin for the favoured few. 
While discarding the doctrine preached Hippocrates 
the four humours—blood, phlegm, black bile and white 
bile—he reintroduced that great teacher’s method prac- 
tising far possible the light experience and exact 
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observation rather than from the books traditional 
authority. 

perhaps largely because his vigorous championing 
antimony, and other elements, for all manner ills, and 
because his reputed introduction mercurials for the 
treatment syphilis (Garrison, 1929), that claim may 
made for Paracelsus the founder chemotherapy. 
However, although infused some measure honesty and 
chemistry, place humbug and alchemy, into the practice 
medicine, his outlook and methods were inevitably very 
heavily tainted with the magical and irrational ideas 
age. Indeed, medicine seems, doubt because its 
subjective quality, always have lagged well behind other 
sciences discarding magical precepts. significant that 
the rational approach Robert Boyle (1627-1691), epitomized 
The sceptical chymist, earned him recognition one 
the originators the scientific method yet, when writing 
therapeutics, could warmly recommend mixtures 
containing worms, horse dung, human urine, and moss from 
dead man’s skull (Clark, 1940). 

Let then place Paracelsus more than the somewhat 
cautiously acknowledged grandfather chemotherapy, whilst 
having doubts about referring Paul Ehrlich (1854-1915) 
the father modern and scientific chemotherapy. With 
the clear foundations microbial parasitism introduced 
Pasteur (1822-1895), and with his own studies the 
chemistry and selective vital staining properties dyes 
build upon, Ehrlich constructed intricate and ingenious 
edifice theory, together with considerable practical 
achievement. imagining parasites endowed with 
particular points attachment, chemo-receptors, with 
special affinity for specific drugs, and embellishing this 
concept with all manner improvisations meet the 
vagaries his experimental results, created fertile and 
provocative field for experiment and argument, highly 
stimulating subsequent workers chemotherapy 
the present day. greatest practical achievement 
was the introduction salvarsan (now known arsphena- 
mine) for syphilis 1910. This was, however, not the only 
infection for which specific remedy was this time known. 
Cinchona bark and quinine had already long been recognized 
remedies for malaria, and ipecacuanha and emetine had 
also already been established specifics for amoebic 
dysentery. the field veterinary medicine, arsenical 
compounds were already use for trypanosome infections, 
and Nuttall Hadwen (1909) had introduced trypan blue 
for babesia 

The chemotherapy spirochaetal and protozoal diseases 
now made great strides, but was not until the introduction 
the sulphonamides Domagk 1935 that bacterial 
infections came well within the range chemotherapy. This 
was turning point our history, since all previous efforts 
devise chemotherapeutic agents against bacterial infections 
had been consistently disappointing that the belief was 
growing that such infections were inherently insusceptible 
treatment chemotherapy. The next and latest high peak 
achievement was the discovery penicillin Fleming 
(1929) and its therapeutic application Florey (Chain, 
Florey, Gardner, Heatley, Jennings, Orr-Ewing Sanders, 
1940). This was the culminating triumph long history 
the investigation the by-products micro-organisms 
possible therapeutic agents. Elsewhere these columns 
Florey (1946) traces this history far back sixty 
seventy years ago, when number workers, including 
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Pasteur Joubert (1877), observing that one micro-organism 
can elaborate substance harmful another different 
species, remarked the potential significance this for 
therapeutics. Indeed, there are several contemporary accounts 
the successful protection animals from anthrax bacilli 
the inoculation bacteria antagonistic these pathogens. 


Some from this Survey 


survey brief this must necessarily highly selective. 
The first sections below will deal with protozoal and spiro- 
chaetal infections, which practically monopolized the field 
chemotherapy until the introduction the sulphonamides, 
but account will given the chemotherapy leish- 
maniasis, which there have been some spectacular successes, 
and further mention will made amoebiasis. There 
will also further reference (except connection with 
syphilis) the history penicillin and other antibiotics, 
since this fully covered elsewhere the present issue 
this journal (Florey, 1946). The chemotherapy helminthic 
infections, wounds, and cancer will also not men- 
tioned, and, needless say, each section below there will 
inevitably obvious omissions much that important. 


The Chemotherapy Malaria 


seems that must now abandon the oft-told tale the 
introduction cinchona-bark into Europe the wife 
the Viceroy Peru, the Countess Anna Chinchon, after 
she had been cured malaria Lima about three hundred 
years ago. now appears that this lady died Spain before 
her consort went South America. The Viceroy’s second 
wife, who was with him Lima, never suffered from malaria 
furthermore, she died her way home, 
cannot credited with having brought back the bark 
herself (Haggis, 1941). 

Certain is, however, thet Jesuit missionaries and priests 
played leading role, from about this period, the importa- 
tion the bark into Europe. spite the fact that was 
the only true specific known against any disease, its virtues 
were not universally accepted, and for very long time there 
was much bitter opposition its use. This was probably 
due partly the fact that other preparations besides those 
cinchona bark were, intentionally otherwise, frequently 
confused under the name Jesuit’s bark the innumerable 
middlemen engaged its distribution, and partly the 
fact that then, now, febrile disorders not due malaria 
were often wrongly labelled that name. was not until 
the first half the 19th century that cinchona was fairly 
generally accepted specific for malarial fevers, and 
quinine and cinchonine, isolated Pelletier and Caventou 
1820, and the other alkaloids later, were duly recognized 
the active agents. About this time nations with Eastern 
dependencies, particular the British and the Dutch, 
became alarmed the possibility that Cinchona species, 
indigenous only South America, might eventually become 
extinct, owing the extensive felling forest trees meet 
the rapidly expanding demand. There followed, accordingly, 
period intense endeavour English and Dutch scientists, 
explorers and adventurers transfer seeds plants India, 
Java and other countries. These attempts contained all the 
ingredients story-book high adventure, including all 
manner rivalries, misunderstandings, disguises, frustration, 
and violence. Details would take far too long tell, and 
suffice say that success seemed first favour the 
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British, rather than the Dutch. 1880, the European 
markets were receiving nearly times more bark from India 
and Ceylon than from Java (Markham, 1880). 

However, the species which grew well the Indian 
plantations, the hardy Cinchona succirubra, yields relatively 
poor supply quinine, relation total alkaloids, and 
since the popular demand was specifically for quinine rather 
than the other alkaloids, these plantations never became 
economic success. The eventual ascendancy the Dutch 
this field can traced the purchase their govern- 
ment, for trifling sum, handful seeds coilected 
1865 for Englishman, Charles Ledger, long resident 
Peru. These chanced type, subsequently 
which yields exceptionally high 
proportion quinine, but which was very difficult grow 
However, the Dutch succeeded combining the specia 
virtue succirubra, that its hardihood, with the virtuc 
ledgeriana, that its high quinine-content, 
simple expedient grafting the one upon the other; the 
success the Java cinchona plantations is, fact, 
the outbreak the first world war the Java plantations 
supplying about the world’s quinine. 

time war the importance adequate means 
treating malaria paramount. 1916, for example, Generai 
Sarrail had report, critical period, that his army 
the Balkans was immobilized hospital accourt 
malaria (Sergent Sergent, 1932). This was representative 
the situation many theatres malarious countries. 
and not too much say that the supply quinine was 
one the essential features upon which the outcome the 
first world war depended. After the war intensive search 
for synthetic antimalarials was conducted Germany. 
With the aid technique devised Roehl (1926) fo: 
testing antimalarial activity canaries, the first notable 
success was scored 1924 the discovery plasmochin. 
now known pamaquin (Schulemann, 
Wingler, 1932), and this was then followed the more 
valuable atebrin, now known mepacrine (Mauss 
Mietzsch, 1933). 

the outbreak the late war, British manufacturer: 
immediately turned their attention the large-scale produc 
tion mepacrine, which, till that time, was German 
monopoly. The success these efforts was one the 
deciding factors winning the war, since the 
occupation Java, with its cinchona plantations, 1942. 
immediately threw the armies the United Nations into 
jeopardy because the probability eventual exhaustion 
quinine-supplies, the war were last long enough. 
There followed anxious period, for whilst was known 
that long-continued treatment quinine 
not only safe but would not impair the efficiency armie: 
the field, this had not yet been established for mepacrine. 
Several outbreaks illness among troops the field were 
fact, the time, suspected due the toxic effects 
suppressive mepacrine treatment, and became urgentl) 
necessary define exactly the potentialities and dangers 
this compound. Its safety and value suppressive 
all forms malaria under active service conditions were 
due course vindicated, and Hamilton 
(1945) has described how, among the Australian Forces 
New Guinea, for example, its regulated use contributed 
reduction malaria incidence from 740 per 1,000 per 
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year December 1943 per 1,000 per year November 
1944, with death-rate less than 3,000. 

However, there were weighty reasons for determined 
search for alternative was not safe merely 
wait for the value mepacrine proved, and among 
other disadvantages eventually confirmed was the fact that 
benign tertian malaria not cured mepacrine but merely 
suppressed, only recur later. Intensive research was 
therefore pursued Britain and America, and the most 
result was that achieved the discovery paludrine, 
the result entirely new approach the search for 
antimalarials, Curd, Davey Rose (1945). was not 
possible obtain canaries sufficient numbers for routine 
tests all the innumerable compounds synthesized, and 
method was devised for using young chicks infected with 
gallinaceum, the preliminary sorting out 
potential antimalarials, with resource other types 
infection chicks and canaries required. 

The hypothesis James (1931) was adopted, that the 
inability effect causal prophylaxis (or radical cure) 
tertian malaria man due hitherto undemon- 
sirated stages the parasite, such were 
demonstrated for gallinaceum (James Tate, 1937 
Coulston, 1944). The efforts Curd, Davey Rose 
took the direction urged James (1937), namely, 
find drug which acts not only against the forms occurring 
the erythrocytes—and therefore perhaps suppressive, 
ameliorative agent man—but which acts also 
the exo-erythrocytic stages the bird-infections, and 
hence possible causal prophylactic radical curative 
agent 

Most the very considerable synthetic work earlier 
investigators the search for antimalarials had concentrated 
variations either quinoline (as quinine and plas- 
mochir) acridine (as mepacrine), considerably less 
attention having been paid other heterocyclic ring systems. 
Curd, Davey Rose, however, chose the outset explore 
the possibilities the pyrimidine nucleus, for number 
novel reasons, and their researches soon led them lay 
considerable stress the conclusion that one the deter- 
minants antimalarial activity molecular configuration 
which allows certain types tautomeric 
followed from this that if, pyrimidine compounds selected 
exhibiting high degree antimalarial activity, the 
pyrimidine ring were broken such way leave undis- 
turbed the tautomeric possibilities, antimalarial activity 
might retained. this reasoning the pyrimidine nucleus 
was discarded, and biguanide compounds emerged, one 
which paludrine, first tested man Adams, Maegraith, 
King, Townshend, Davey Havard (1945) and Maegraith, 
Adams, King, Townshend, Davey Havard 
too early for this substance have established its final place 
the treatment malaria, but notably non-toxic and 
acts all three the main forms human malaria. Like 
mepacrine (but probably more readily), can prevent infec- 
tion from becoming established and radical cure 
malignant tertian, but apparently not always benign 
tertian, malaria. 


The Chemotherapy Syphilis 


Ehrlich’s original experiments leading the discovery 
anti-syphilitic remedies depended tests against infections 
mice caused not spirochaetes but trypanosomes 
and his eventual introduction arsphenamine 1910, 
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followed neoarsphenamine 1912, may actually 
traced the demonstration Wolferstan Thomas 1905 
that arsenical, atoxyl, effective against trypanosome 
infections. was then shown Ehrlich Bertheim (1907) 
that, contrary earlier belief, consists p-amino- 
phenylarsonic acid, and there followed the well-founded 
theory, based studies vitro (Ehrlich, 1909a), that the 
activity this substance attributable its reduction 
the corresponding arsenoxide form. 

However, Ehrlich did not urge the use phenylarsenoxide 
analogues man, believing them too toxic. 
similar substituted phenylarsonic acids, still further 
reduced, beyond the arsenoxide stage, arsenobenzene deriva- 
tives are obtained, and was among these that arsphenamine 
and neoarsphenamine were found. Like the arsonic acid 
prototype, the arsenobenzene form believed relatively 
inactive, its parasiticidal effect coming into play only 
oxidation the corresponding arsenoxide form (Voegtlin 
Smith, 1920). 

recent years (Foerster, McIntosh, Wieder, Foerster 
Cooper, 1935) the idea has been revived employing the 
active form, i.e. the phenylarsenoxide, the treatment 
syphilis, rather than its inactive precursors, the 
arsonic acid arsenobenzene forms, and 
p-hydroxyphenylarsenoxide (mapharside, neohalarsine) 
now very widely used. more toxic the host than the 
other forms, weight for weight, but this offset its 
exceptional toxicity for the parasite, that quite small 
doses, normally well within the range safety for man, are 
efficacious. Phenylarsonic acids are not used for early 
syphilis, but one compound this type, tryparsamide (see 
under Trypanosomiasis), has found important place the 
treatment neurosyphilis, because its powers penetra- 
tion into the central nervous system, which location 
presumably exercises its effect upon being reduced the 
arsenoxide form (Hawking, Hennelly Quastel, 1937). 

Ehrlich’s hope was that with arsphenamine neoarsphena- 
mine might achieve his ideal therapia sterilisans 
single dose. soon became clear, however, that for the 
treatment human syphilis these and related compounds 
repeated injections are necessary, preferably together with 
bismuth, courses extending over many months. Such 
courses are, course, exceedingly irksome, and the effect 
that numbers patients not complete 
their treatment. Marshall (1944), for example, states that 
not even half the patients who begin these long courses 
injections persevere long enough ensure cure-rate 
more than 80°%. With the object, therefore, reducing the 
duration treatment the absolute minimum, i.e. 
approach closely possible Ehrlich’s therapia 
magna,” short-term schemes intensive therapy 
intravenous drip were introduced Chargin, Leifer 
Hyman original technique employed neo- 
arsphenamine during period, but this proved 
too toxic, and considerable modifications innumerable 
investigators have since been explored, including the use 
mapharside instead neoarsphenamine, rapidly-repeated 
injections massive doses instead intravenous drip, and 
variations the duration treatment. 

new era the treatment syphilis was inaugurated 
the discovery the activity penicillin spirochaetoses. 
The demonstration therapeutic action against Spirochaeta 
recurrentis and Spirillum minus infections mice suggested 
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that the substance might effective against syphilis (Lourie 
Collier, 1943), but the first cases actually treated were 
investigated the United States (Mahoney, Arnold Harris, 
1943). The great advantages are complete freedom from 
serious toxic effects, and short duration treatment such 
has been aimed the schedules intensive arseno- 
therapy, but too soon for final judgments passed. 


The Chemotherapy Trypanosomiasis 


The discovery atoxyl therapeutic agent against 
trypanosomiasis Thomas 1905 did not mark the 
beginning arsenical therapy these infections. Inorganic 
preparations, such sodium arsenite, had been used with 
somewhat indifferent success since long before the recognition 
trypanosomes the cause nagana cattle and 
sleeping sickness man (Braid, Livingstone, 1858). 
After the demonstration the activity atoxyl, number 
Ehrlich’s arsenobenzene compounds, which synthesized 
much with view sleeping sickness syphilis, were 
given trial Africa. Thus, arsphenamine and neo- 
arsphenamine were considerably used, and one the most 
promising this series was arsenophenylglycine (Ehrlich, 
1909b). special virtue the latter was that, unlike other 
arsenicals, was effective against trypanosomes which had 
developed drug-resistance result insufficient treatment 
atoxyl, arsphenamine, any considerable range 
(The recently introduced p-arsenophenylbutyric 
acid compound Eagle (1945) also exhibits this property, 
which Ehrlich (1909b) found shared those arsenicals 
which contain acetic acid radical.) 

However, whilst most these arsenobenzene derivatives 
were effective the early stages infection, they were 
eventually judged little use once the central 
nervous system had become invaded. The introduction 
tryparsamide Jacobs Heidelberger 1919 was therefore 
great step forward, since provided drug which often 
curative cases cerebral involvement, although has 
the disadvantage sometimes giving rise optic atrophy, 
especially the very type case which its use most 
called for, where the infection has reached advanced 
stage. 

Whilst arsenicals are, the whole, highly efficacious 
against gambiense, they are considerably less value 
against rhodesiense, sleeping sickness, and there has 
therefore always been need alternative remedies. One 
Ehrlich’s earliest triumphs chemotherapy, directly arising 
from his studies the selective affinities living matter for 
dyestuffs, was the demonstration sterilisans 
against trypanosome infections mice azo 
dye derivative naphthalene and benzidine—trypan red 
(Ehrlich Shiga, 1904). This did not prove practical 
value man domestic animals, but gave lead the 
production and examination very long series related 
compounds, not all dyes, culminating 1920 the announce- 
ment Bayer 205 (now known suramin, antrypol), 
non-staining complex urea derivative. 

The exceptionally high therapeutic index this compound 
(Haendel Joetten, 1920; Mayer Zeiss, 1920) infected 
mice seemed give promise outstanding efficacy man. 
Its discovery was therefore announced with considerable 
fanfare, the secret its composition was jealously guarded, 
and its potential value Africa was apparently thought 
some German circles such sensationally high order 
that Germany’s forfeited colonies should restored (Pope, 


1924). With considerable ingenuity, which was necessar: 
exercise less order obtain the drug for analysi 
than its actual examination, Fourneau, Tréfouél 
(1924) elucidated and announced its and thi: 
was confirmed some years later the 
known value only early cases sleeping 
both the gambiense and the rhodesiense type, and 
after the central nervous system has become involved. 

new class trypanocidal compounds was 
the aromatic diamidines. The lead this was given 
the finding von Jancso von Jancso (1935) and Schern 
Artagaveytia-Allende (1936) that synthalin 
diguanidine) effective against trypanosome 
mice. Synthalin had previously been introduced into 
practice means reducing the blood-sugar diabete:. 
and since was known that trypanosomes consume large 
amounts glucose, the von Jancsos and Schern believed that 
the therapeutic effect synthalin trypanosome 
was mainly due the fact that the parasites were 
glucose result hypoglycaemia produced the hosi. 
However, Lourie Yorke (1937) showed that synthalin 
exercises exceedingly powerful direct action trypano- 
somes vitro, and, moreover, insulin, which reduces the 
blood sugar par excellence, has action trypanosome 
infections. This led the examination series other 
guanidines, and then related isothioureas, amines, and 
amidines (King, Lourie Yorke, 1937), resulting the 
eventual selection certain aromatic diamidines, such 
pentamidine, the most promising (Lourie Yorke, 1939). 
Like suramin, these compounds have proved highly 
effective early, but not late, gambiense and 
sleeping sickness. 

The most important trypanosome infection cattle that 
caused congolense. This notoriously refractory 
arsenicals and other compounds proved value human 
trypanosomiasis, but there considerable promise here 
the phenanthridinium series, introduced Browning, 
Morgan, Robb Walls (1938). 


The Sulphonamides 


Dyestuff chemistry played part the incep- 
tion sulphonamide-therapy, had already done the 
development the chemotherapy protozoal infections. 
The sulphonamido group had long been known increase 
the fastness acidic dyes washing and light. 
Mietzsch introduced this group the dye chrysoidin. 
which had already been found Eisenberg (1913) exercise 
some antibacterial activity vitro but not vivo, and the 
resulting compound, p-sulphonamido-chrysoidin, 
was announced Domagk (1935) effective 
against infections with haemolytic streptococci. was then 
shown Tréfouél, Tréfouél, Nitti Bovet (1935) that the 
part the prontosil molecule which conferred 
properties was way essential its therapeutic powers. 
which were equally displayed the substance were abbre 
viated p-amino-benzenesulphonamide (commonly know 
sulphanilamide). 

The numerous sulphonamide drugs which have since bee 
introduced into practice, selected from many hundred 


synthesized towards this end, are merely substituents 


sulphanilamide. the earlier compounds, substitution 

the amino group (as thes: 

depend for their activity being hydrolyzed the body 
[See also BMB 
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sulphanilamide. the later and more effective compounds 
substitution was the amide group (as sulphapyridine, 
produced substitution with pyridine) and they exercise 
their effect direct without being converted vivo sulphanil- 
amide. Still more recently, compounds have been introduced 
which substitution both the amino and the amide 
group. Such are succinylsulphathiazole (sulfasuxidine) and 
phthalylsulphathiazole (sulfathalidine), which have special 
place the treatment infections the intestinal tract, 
where they are slowly broken down the effective com- 
ponent, sulphathiazole. 

not possible such short review mention even 
the names all the more important sulphonamides, still less 
describe the stages which they have found their level 
therapeutics. The crude generalization must suffice that 
the action sulphanilamide and its immediate successors 
was found mainly directed against haemolytic strepto- 
coli (in urinary infections), meningococci and, 
less extent, gonococci. With sulphapyridine (Whitby, 1938), 
pneumococci also came covered, and the action 
gonococci was improved and with sulphathiazole (Herrell 
Brown, 1939) and sulphadiazine (Feinstone, Williams, Wolff, 
Huntington Crossley, 1940), the range widened still further 
include staphylococci, though the latter are not spec- 
tacularly susceptible any sulphonamide they are 
penicillin. 


Modern Theories Drug Action 


The development sulphonamide-therapy naturally gave 
considerable impetus towards the formulating rational 
conceptions the mode action chemotherapeutic 
agents general, including drugs other than sulphonamides. 
Ehrlich’s theories drug-action did recognize that the 
attachment chemotherapeutic substance its appro- 
priate the parasite cell interferes fatally, 
undefined way, with the nutritional state that cell. 
Nevertheless, (1943b) has pointed out, these 
theories were conceived without relationship contem- 
porary developments biochemistry. There seems have 
been attempt Ehrlich identify his drug-receptors 
with enzymes their substrates, although much was already 
known which might have suggested such identification. 

The newer orientation ideas was concisely stated 
Fildes (1940) along the following Chemotherapeutic 
agents are considered act interfering with metabolite 
essential for the parasite’s the drug exercises this 
interference-effect (i) oxidizing substance which requires 
reduced, (ii) molecular combination, forming 


[See also BMB 
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inactive product, competition for enzyme 
associated with utilization the metabolite the parasite. 
For mechanism (iii), the chemotherapeutic compound would 
characteristically similar structurally the essential 
metabolite that both would fit the same enzyme. the field 
general biochemistry examples had long been known 
such interference with enzyme reactions, the interposition 
compounds structurally akin the natural substrate 
co-enzyme concerned, and the classical instance this 
chemotherapy was provided Woods 1940. 

had been known since the work Colebrook, Buttle 
(1936) that, contrary earlier theories, sulphona- 
mides exercise direct deleterious action bacteria, without 
mediation the host. was also known, however, that this 
action could antagonized certain bacterial extracts 
body-fluids (see especially Stamp, 1939; Green, 1940). 
Woods’ outstanding contribution was show. that this 
antagonism can effected specifically p-aminobenzoic 
acid, structurally very similar sulphanilamide, and much 
subsequent work has borne out his interpretation that 
sulphanilamide acts blocking the enzymes which subserve 
the utilization p-aminobenzoic acid essential the 
parasite’s nutrition. 

The conception has been pursued that the growth 
bacteria may inhibited substances structurally similar 
metabolites for the nutrition those bacteria. 
For example, analogues the essential metabolites nico- 
tinic acid and nicotinamide have been found inhibi- 
tory bacteria vitro 1940). The principle 
has been beautifully applied the actual discovery 
new chemotherapeutic agent; was argued priori that 
pantoyltaurine, structurally similar the essential metabolite 
pantothenic acid, should able exercise chemotherapeutic 
properties against infections haemolytic streptococci 
rats, and this was, fact, found the case 
Hawking, 1943). The chemotherapeutic effect was not 
very high order, but the value the work that was 
radical departure from the time-honoured technique hit 
miss the search for new chemotherapeutic substances. 
the past particular chemical group may have been sus- 
pected shown exercise some activity against particular 
infection, and the common procedure was then synthesize 
hundreds—perhaps thousands—of compounds that group, 
and test each turn, the hope striking upon really 
useful chemotherapeutic agent. But Hawking’s 
demonstration the chemotherapeutic effect 
taurine, the results were fairly exactly anticipated, prior 
biochemical observations both host ard parasite, with the 
clearly-defined aim preventing the parasite from utilizing 
known metabolite essential for its existence. 
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many countries there now proceeding extensive search 
for new antibiotics, investigation into the nature their 
structure and biological properties, and research into the 
susceptibility various infections them. The impetus 
the search has become much greater since was shown 
Oxford 1940 that one them—penicillin—was not only 
antiseptic but chemotherapeutic agent, that is, drug 
which can administered circulate the blood- 
stream sufficient quantity cause infecting organisms 
die least cease multiplication, while the same time 
the body-tissues are not harmed. The work the last few 
years, however, only expansion studies which, 
since the time Pasteur, bacteriologists, botanists and other 
scientific workers have been engaged. 

Although the use the word mean the 
actual chemical substances. involved bacterial antagonism 
was only recently introduced Waksman, 
Welsch Woodruff (1942), the observation antagonisms 

* Based on the Lister Memorial Lecture, which was delivered at the Royal 
College of Surgeons on 11 October 1945 and published in the British Medical 


Journal, 1945, 2, 635-642. The present paper contains additional material from 
several subsequent lectures. 
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between bacteria, and even the idea that one bacterium 
might thus used combat another, 
occurred. Vuillemin wrote 1889 

Nul n’a traité parasite lion qui fond sur proie, 
serpent qui instille venin dans plaie victime 
vie d’un autre étre pour entretenir sienne premier est 
actif, second: est complétement passif 
celui-la est sans restriction contraire vie celui-ci 
cas est simple qu’on n’a jamais songé lui donner 
nom. Cette condition lieu isolément notre 
examin, peut présenter comme facteur 
plus complexes. Pour simplifier langage, nous 
alors antibiose Vindividu actif sera 
passif sera 

Antibiosis finally came mean the interference with 
the growth one micro-organism another. Thus 
arrive the modern word antibiotics the name for the 
chemical substances, products metabolism, which are 
frequently involved this antagonism. But long before the 
adoption these terms, people Central Europe, the 
Ukraine, Central America, and possibly other countries 
deliberately grew moulds, probably the kinds callec 
Penicillia, used applications wounds. The taking 
yeast was advocated 1852 English practitioner 
Mosse, for the treatment boils—a treatment which hac 
already been used the north France, and even now stil 
use but the yeasts have never been clearly shown 
produce any definite chemical substance combating patho- 
genic organisms, any beneficial effect from them possibl: 
caused their vitamins. 


First Scientific Observations 
The first demonstration antibiotic action against 
pathogenic organism was made Pasteur and his colleague 
Joubert 1877. They observed that culture 


= 


bacilli urine was contaminated organisms from the air 
the anthrax bacilli were destroyed 


ai-je dit, neutre alcaline, est 
excellent terrain culture pour bactéridie que 
soit pure bactéridie pure, dans quelques 
heures, celle-ci est tellement multipliée que les longs filaments 
mais si, moment déposer dans les 
érobie, par exemple une des bactéries communes, bactéridie 
aprés temps plus moins long. Chose bien 
méme phénoméne passe dans corps des 
résultat surprenant qu’on peut introduire 
rofusion dans animal bactéridie charbonneuse sans 
celui-ci contracte charbon suffit qu’au liquide qui 
suspension bactéridie ait associé méme temps 
bactéries communes. Tous ces faits autorisent peut-étre 
‘es plus grandes espérances point vue thérapeutique.” 


Pasteur and Joubert thus found that introducing some 
ommon bacteria into the animal body the same time 
anthrax bacillus, the death the animal from anthrax 
-ould sometimes prevented. Pasteur was the time 
nainly interested immunity, did not pursue the matter. 
1885, Babés demonstrated solid well liquid 
nedia that one organism can elaborate substance which 
vill stop the growth another, and suggested that 
ontinuée généralisée cette action réciproque des 
les unes vis-a-vis des autres, pourra conduire des 
correctly deduced from his 
that the inhibitions bacterial growth had 
were brought about definite chemical substance 
produced the antagonistic organism. the same year 
Cantani (1885) evolved the idea replacing harmful 


FIG. METHOD, WHICH STILL USE, 
DETECTING BACTERIAL ANTAGONISM (Frost, 


Frost, writing 1904, gave this illustration the method, which 
had first been described Garré 1887. Ps. fluorescens was planted 
the surface agar plate radial streaks and the plate was 
incubated for hours, give time for metabolites produced 
and diffuse through the agar. typhosus was then planted 
streaks alternating with those already grown. After further 
was apparent that Ps. fluorescens had produced 
nhibitor which had prevented the typhosus from growing, except 
the periphery the plate, where the streaks were furthest apart. 
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FIG. METHOD TESTING ANTAGONISM 
BETWEEN BACTERIA FLUID CULTURE MEDIA 
(Frost, 1904) 


The effect one fluid culture another was tested separating 
the cultures substance permeable metabolites but not 
bacteria. Previously this had been done putting one culture 
inside and the other outside Pasteur-Chamberland filter. Frost 
modified the method enclosing one culture collodion sac 
and suspending the sac flask containing the other culture. 
the experiment which illustrated, the sac contained typhosus 
and the flask the opposing organisms. Certain unidentified soil 
bacteria killed 98% the typhosus days. 


organism (the tubercle bacillus) the tissues the lungs 
with ill-defined harmless organism (which was probably 
mixture species) called Bacterium termo. treated 
tuberculous patient insufflating large amounts cultures 
this bacillus into the lungs, and claimed good results. This 
was the first example the idea the replacement one 
pathogenic organism either another less pathogenic or, 
possible, innocuous organism, idea which frequently 
recurs subsequent pathological and clinical literature. 


Two years later the Swiss, Garré (1887), introduced 
method for examining bacterial antagonism means 
alternating streaks two species bacteria grown 
Petri dish containing agar—a method essentially the same 
some those still use. Garré wrote 


Auf die brach erkaltete Platte impfe ich gleichzeitig 
parallelen Strichen alternirend den Bac. fluorescens und den 
Staph. pyog.—so zwar, dass jeweilen die Distanz der 
Impfstriche grésser wird, von 3-15 mm. Der Bac. fluoresc. 
seine Ausscheidungsproducte diffundiren 
die Umgebung und werden fiir die gelegenen 
Staphylococcusimpfungen zum absoluten Entwicklungshin- 
derniss. handelt sich also nicht ein Ueber- 
wuchern und der einen Art durch die andere, 
rascher sich ausbreitende,—wie etwa einem Garten 
Unkraut zarte ersticken kann. ist auch kein 
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Vorwegzehren der disponibeln Nahrung durch rascher 
keimende Mikroorganismen, sondern liegt hier ein 
Antagonismus durch leicht 
diffundirender Stoffe vor, die fiir die einen Arten ein 
Entwicklungshinderniss bilden, fiir die andern aber durchaus 
indifferent 

Garré’s paper was not illustrated, but 1904 Frost 
described seven methods for the investigation the antago- 
nistic properties bacteria, and among these was 
method, which Frost published illustration (Fig. 1). 
One the most interesting methods described Frost 
that which grew one bacterium liquid medium 
flask and another medium Contained collodion sac 
suspended the flask; antibiotic produced the 
bacterium one medium could diffuse through 
collodion and inhibit the bacterium the other (Fig. 2). 

The first photographic record the phenomenon 
antibiosis was published 1889 Kiel thesis Doehle 
(Fig. 3). This illustration—the photograph for which was 


FIG. THE FIRST ANTIBIOTIC ACTION 
(Doehle, 1889) 


poured plate gelatin medium containing anthrax bacilli. the 
surface planted, square, coccus which gave the name Micro- 
coccus anthracotoxicus. After incubation the anthrax bacilli had grown the 
peripheral part the plate (a), but both outside and inside the square 
formed the Micrococcus (b) the anthrax bacilli had failed grow (c). 


actually taken Hoppe-Seyler himself—shows the anthrax 
bacillus, which had been sown solid medium, being 
inhibited the neighbourhood certain micrococcus, 
which Doehle had isolated and called Micrococcus anthra- 
cotoxicus, planted the form square. 

Thus, 1889 the phenomenon microbial antagonism 
was well known and had been illustrated, and not only 


‘| inoculated on the untouched cooled [gelatin] plate alternate parallel 
strokes of B. fluorescens and Staph. pyogenes. This was carried out so that the 
distance between the inoculated strokes increased from 3 to 15 mm. B. fluorescens 
grew more quickly. Its products of secretion diffused into the surroundings and 
were completely inhibitory for_the near-by staphylococcal inoculation. .. . 
Thus it is not a question of overgrowth or crowding out of one by another quicker- 
growing species, as in a garden where luxuriantly growing weeds kill the delicate 
plants. Nor is it due to the utilization of the available foodstuff by the more 
quickly growing organisms ; rather there is an antagonism caused by the secretion 
of specific, easily diffusible substances which are inhibitory to the growth of some 
species but completely ineffective against others.” 


PPLICATION MICROBIAL ANTAGONISMS Howard 


Pasteur, but nearly all the bacteriologists who worked 
that time, had mind its use for therapeutic purposes. 
Emmerich, for instance, 1887 had shown that some 
could obtained protecting rabbits from 
anthrax the simultaneous injection streptococcus from 
case erysipelas. Clinicians had long believed that 
attack erysipelas was beneficial certain chronic infections 
and 1883 Fehleisen had deliberately treated case lupus 
injecting streptococci from patient with erysipelas 
Emmerich, however, demonstrated that there was 
antagonism between the two organisms vitro 
surface solid medium, ascribed his results 
stimulation the cocci the body-cells, which were then 
able demolish the bacilli. 


Pyocyanase and its Clinical Utilization 

The most promising attempt the therapeutic use 
natural antibacterial substance was started the work 
Bouchard 1889. observed that the injection culture 
Ps. pyocyanea could confer some degree 
protection rabbits infected the same time 
with anthrax. Metabolic products the bacteria 
were next used instead whole cultures, and 
Ps. pyocyanea were made ten years later 
Bukovsky (1899). 

Meanwhile, Emmerich and Léw were indepen- 
dently working with the same organism, and 
1899 they prepared from old cultures Ps. 
extract which they called 
capable lysing suspensions anthracis 
vitro, and also bactericidal Bact. 
diphtheriae, staphylococcus, and pestis. 
first they attempted systemic administration 
pyocyanase experimental infections animals, 
but proved too toxic and eventually was used 
only local application infected parts. Its 
clinical use for many infections local applica- 
tion was widespread for some time, but about 
1912 1913 had practically ceased, 
because the commercial preparations made that 
time were inactive. Although Emmerich and 
seem have confused the antibiotic effect the 
substance with the views immunity held that 
time, the work with pyocyanase was the first 
serious attempt use bacterial product 
antibiotic medicine for curative purposes. 

The important idea differential toxicity,which 
largely governs the choice antiseptics today, must 
have been widespread that time, for Escherich wrote 1906: 

Wiederaufnahme dieser Bestrebungen wurde erst 
als die Fortschritte der Wissenschaft uns mit Stoffen 
bekannt machten, welche das Vermégen einer hohen 
bacteriziden besassen, ohne die 
Antiseptizis anhaftenden der Gewebe. sind 
dies die auf dem Wege der Autolyse aus 
Bakterien gewonnenen bakteriziden Sub- 
stanzen, auf deren Vorkommen und Bedeutung zuerst 
Emmerich und die Aufmerksamkeit gelenkt 


1 The resumption of these endeavours first became possible when the march 
of science made known to us substances which possessed a high bactericidal 
capacity without at the same time harming the tissues as do previously known 
antiseptics. These are the bactericidal substances obtained from the autolysis 
of bacteria, to the existence and significance of which Emmerich and Low first 
drew attention.” 
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interesting note that recently 1943 Rake, 
Jones McKee found that good preparation pyocyanase 
inhibited the growth Str. pyogenes dilution 
24,000. Recently Doisy and his colleagues (Hays, Wells, 
Katzman, Cain, Jacobs, Thayer, Doisy, Gaby, Roberts, 
Muir, Carroll, Jones Wade, 1945) have isolated from the 
Ps. pyocyanea four crystalline substances, 
Pyo and which act powerfully against gram- 
positive organisms and appear have little toxicity 
inimal tissues. 


Antibiotics from Micrococcus and from Aerabic Sporing 
Bacilli 

While these clinical trials were being made, other investiga- 
were being recorded. 1903 Lode wrote 
accidental contaminant, gram-positive coccus, which 
found while preparing plate Micrococcus tetragenus 
‘or class demonstration (Fig. subcultured this 
and showed that produced diffusible substance 
vhich strongly inhibited the growth anthrax bacilli and 
aureus, but not Bact. coli bacillus. 
.ode did comprehensive and painstaking investigations 
his substance showed that was bactericidal, and that 
was not enzyme, though was thermolabile, being 
nactivated slowly heat. could dried vacuum 
and was soluble alcohol but not ether. 
Neither the micro-organism nor its metabolic products were 
oxic animals, but unfortunately artificially produced 
mice the product had chemotherapeutic 
effect. 

1907 Frenchman, Nicolle, demonstrated the existence 
bactericidal substances produced common spore- 


ONE THE FIRST BACTERIAL ANTAGONISMS 
STUDIED (Lode, 1903) 


Lode noticed that culture Micrococcus tetragenus was inhibited 
accidental contaminant—a coccus. isolated this coccus 
and studied its antagonistic properties extensively. found that 
some kinds bacteria were inhibited more than others, and some 
not all (differential action), that the number bacteria 
inhibited affected the efficiency the antagonist (inoculum-size 
effect), and that the antagonist was bactericidal. succeeded 
the active material fluid culture and made observations 
the conditions necessary for its production and its chemical 
nature. 

The gelatin plate illustrated was sown with tetragenus, which 
was inhibited round the three colonies the coccus. 


Howard Florey 


FIG. INHIBITION PNEUMOCOCCUS 
MENINGOCOCCUS (Colebrook, 1915) 


Colebrook noticed that the pneumococcus inhibited many other 
bacteria culture. His illustration shows streak the pneumo- 
coccus (horizontal) crossed two streaks meningococcus 
The pneumococcus inhibited the left-hand streak, 
which was made inoculating relatively small number meningo- 
cocci, but had effect the right-hand streak, where the inoculum 
was heavier. Most antiseptic substances are subject some degree 
this inoculum-size effect and the effect great the thera- 
peutic value the substance thereby reduced. 

Colebrook attempted use the antibiotic properties the 
pneumococcus spraying into the throats carriers the 
meningococcus, the hope that would establish itself and replace 
the meningococcus. 


forming soil bacterium known Bacillus subtilis. about 
the same France, Rappin experimented upon the 
effects filtrates the spore-forming subtilis, mesen- 
tericus, and megatherium the tubercle bacillus. 
wrote 1912: 

énergique ces diastases, fus naturellement amené 
penser que, peut-étre, elles étaient susceptibles aussi 
posséder des propriétés importantes sur l’évolution 
tuberculose prés deux ans, j’instituai quelques 
expériences dans but cette hypothése. J’injectai 
ainsi quelques cobayes préalablement inoculés tuber- 
culose des cultures filtrées mesentericus posséde 
encore aujourd’hui animal cette premiére série qui, 
traité sorte, conserve plus vingt mois aprés 
virulente toutes les apparences d’une parfaite 
santé. autre qui mourut bout neuf mois, sans 
avoir manifesté aucun trouble aprés avoir suivi une 
ascension reguliére son poids présentait aucune lésion 
important, produit raclage ces ganglions inoculé 
autre animal n’a paru jusqu’ici chez 
dernier aucune réaction. 

sur d’autres cobayes, cette expérience donné 
des résultats semblables, posséde plusieurs animaux 
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FIG. INHIBITION ONE STRAIN BACT. COLI 
ANOTHER (Gratia, 1925) 


The agar plate was sown all over with one strain Bact. coli, and 
the other strain, which produced inhibitor, was planted the 
centre. After incubation zone inhibition was seen round the 
central colony, though four isolated colonies had grown within the 
zone. not uncommon for few resistant bacteria grow 
from strain otherwise sensitive antibiotic and this may 
complicate testing, particularly liquid media. 


traités sorte des époques plus moins éloignées 
tuberculeuse qui demeurent pleine santé 
apparente, alors que leurs témoins sont morts présentant 
toutes les lésions classiques tuberculose expérimentale. 

Pour obtenir ces résultats, nombre relativement faible 
suffi. Quelques-uns ces animaux ont recu 
seulement deux injections bouillon filtré mesentericus 
méme quantité mais dans cavité péritonéale, 
sans que les uns les autres n’aient reste paru touchés 
par ces injections, présenté 

Zukerman Minkewitsch (1925) found plate 
pseudo-diphtheria bacilli accidental contaminant antago- 
nistic their growth. The organism was mesentericus 
vulgatus, and showed antagonism only diphtheria and 
pseudo-diphtheria bacilli, not staphylococci, Bact. coli, 
Bact. typhosum, number dysentery bacilli. Also 
1925 Rosenthal contributed work the bacteriolytic powers 
scaber, another spore-forming organism. Some the 
more recent work with spore-forming organisms will 
referred later. 


Bacterial Substitution Therapy 


There were various attempts after replace 
harmful harmless bacteria. Schietz (1909), Danish 
physician, noticed that patient with staphylococcal 
infection, wrongly diagnosed having diphtheria and placed 
diphtheria ward, did not develop the disease. 
then deliberately sprayed suspensions staphylococci into 
the throats carriers with, claimed, good results. The 
best-known attempt such “replacement was 
that suggested Metchnikoff (1909), replace what 
considered harmful organisms the intestine the Bulgarian 
later workers used similar organism, 
acidophilus, the same way. 1915 Newman treated 
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cases cystitis injecting lactic acid bacilli into the bladder 
the same year Colebrook showed inhibition meningo- 
cocci pneumococci (Fig. 5), and suggested using 
combat the meningococcus the 
carriers and the following year Nissle (1916), main 
taining that certain strains Bact. coli were antagonistic 
other, more harmful organisms, put the market produc 
were supposed replace these more harmful organisms 
many intestinal diseases. similar antagonism was describe: 
1925 Gratia, who published illustration demon 
strating the inhibition one strain Bact. coli anothe 

(Fig. 6). the same year Alivisatos showed the inhibitio 

staphylococci pneumococci (1925; Fig. 7). 
pneumobacillus Friedlander was suggested 
and Gaté (Papacostas Gaté, 1921; Gaté 
1921) for the treatment diphtheria carriers. 

connexion with the idea fighting one bacterium 
with another, interesting line reasoning was 
Pole, Nitsch (1908), who was France time when 
the towns Lyons and Versailles were notorious for 
freedom from epidemics cholera. occurred him 
possibly bacteria the air these regions might have the 
property inhibiting the growth the cholera organism. 
and that they were swallowed they might exert their 
antagonistic effects the intestine. found eleven strains 
air bacteria out 220 from various parts 
and four out 253 from Paris, which when cultured 


FIG. INHIBITION STAPHYLOCOCCUS 
PNEUMOCOCCUS (Alivisatos, 1925) 


The culture plate was sown with suitable mixture pneum> 
coccus and staphylococcus. After incubation, clear zones whe 
the staphylococcus had not grown were seen round the coloni 
pneumococcus. Alivisatos tried show whether the 
was caused chemical metabolite growing the pneumococc 
ascites broth and spreading the broth, after sterilizing 
filtration, plate sown with staphylococci, but the result 
experiment was negative. 

showed that many strains pneumococcus had inhibito 
power. 
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37° inhibited the growth Vibrio cholerae. Another Pole, 
Choukevitch, 1911 continued these observations, with 
three Nitsch’s Versailles strains cocci. confirmed 
that streak one these organisms was planted 
agar surface and cholerae was planted the same hour 
the following day, growth the vibrios did not take place 
within distance cm. from the antagonist. found 
that the inhibition was not due acid, that the inhibitory 
substance developed broth well solid media, and 
that was thermolabile and not capable filtration. 
attempted establish the cocci the intestines new-born 
rabbits, but was not able demonstrate any protection 
against ingested cholera organisms. 
Other Ideas for Use and Production 


1917, Australia, Greig-Smith made the first observa- 
tions the actinomycetes noticed that some these 
organisms grown from soil had the power stopping the 
growth certain bacteria. 1921 Lieske published mono- 
graph the subject antibiotics produced actinomyces 
and there were important contributions soon afterwards 
Gratia Dath (1924, 1925), who examined many sources for 
organisms producing antagonistic substances, and were 
particularly struck the effects streptothrix which caused 
the dissolution the staphylococci with which the plate was 
heavily sown (Gratia, 1934; Fig. 8). They used the lytic 
powers the substance produced their streptothrix 
actinomycete instead heat kill the bacteria used the 
preparation vaccines known mycolysates. 
Much and Sartorius (Kimmelstiel, 1923, 1924 Much, 1925 
Much Sartorius, 1924; Sartorius, 1924) made similar 
attempts use bacteria dissolved ferments produced 
micro-organisms their product was sold under the name 
More recent work Actinomyces will 
referred later. 

the nineteen-twenties new idea, which has yet 
developed, was introduced Schiller (1924a, 1924b, 1925a, 


INHIBITION STREPTOTHRIX (Gratia, 1934) 


Gratia showed that some strains streptothrix had the power 
dissolve bacteria. heavy emulsion staphylococci was incor- 
porated gelatin culture plate and the streptothrix was planted 
the surface and isolated colonies). After days, the 
illustration shows, the staphylococci near the streptothrix had 
dissolved and week the medium had cleared completely. 
Gratia made use streptothrix dissolve bacteria for vaccines, 
and the mycolysates called them, were used clinically. 
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FIG. INHIBITION ONE MOULD ANOTHER 
(Harder, 1911) 


Harder, botanist, published account inhibitions 
which had observed among Basidiomycetes and Ascomycetes 
growing This illustration from his paper shows colony 
Penicillium (above) stopping distance the spread 
Stereum purpureum (below) over the culture plate. 


1925b, 1927; Schiller Giltscher, 1928). brought 
forward evidence that yeasts and possibly other organisms 
could trained produce substances that were antagonistic 
certain bacteria, growing them media which the 
only source nitrogen was the bodies the bacteria was. 
desired antagonize. claimed that such experiments. 
yeasts developed thermolabile inhibitory substance which 
might value therapeutics. called the phenomenon 
natural antagonisms. 


Mould Products 


The first example mould yielding antibiotic was 
recorded 1896 Gosio, when obtained crystalline 
substance from Penicillium the course his investiga- 
tions mouldy maize, thought that time the cause 
pellagra. The antibiotic now called mycophenolic acid. 
Gosio showed that the crystalline material inhibited the 
growth anthrax bacilli, and regretted that was unable 
perform animal experiments because lack material. 
Recently the antibiotic and biological properties this 
substance have been more fully investigated (Florey, Gilliver. 
Jennings Sanders, found that the 
mould Aspergillus fumigatus would the tubercle 
bacillus, though had dispute with Rappin over the 
question priority. 1913 Vaudremer reported animal 
experiments, and described the following terms the results 
injecting fumigatus filtrates into patients suffering from 
tuberculosis 

traitement tuberculose humaine. Depuis 1910, nous 
avons traité plus deux cents malades avec les extraits 
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FIG. 10. PRODUCTION ANTIBIOTIC ONE 


SPECIES PENICILLIUM BUT NOT ANOTHER 
(Porter, 1924) 


Porter, botanist, tried protect plants from attack fungi, 
using the antibiotic properties bacteria other fungi. 
tried both growing the inhibitory organism near the plant 
was desired protect, and also injecting its metabolic products, 
e.g. into orange exposed the spores illustra- 
tion shows that one species Penicillium (C) inhibited distance 
the growth Pestalozzia (A), while another species Penicillium (B) 
had effect. 


fumigatus traitement été appliqué dans plusieurs 
sanatoriums parisiens. Des faits que nous avons 
observés, peut conclure ces injections qui 
provoquent jamais réaction fébrile. Parfois méme 
voit survenir des guérisons inespérées. Dans d’autres cas, 
observe une amélioration passagére mais malheureuse- 
ment les faits sont encore nombreux tuberculose poursuit 
son évolution.” 


Vaudremer had been trying get direct effect the 
tubercle bacillus vivo injecting mould metabolism 
solution. now known that fumigatus produces four 
antibiotic substances, least one which, helvolic acid 
(Chain, Florey, Jennings Williams, 1943; Waksman 
Geiger, 1944) has some action against the tubercle bacillus 
vitro (Jennings, 1945). 

Meanwhile, during this quarter-century sporadic 
development, important methods and observations had been 
elaborated botanists. Reinhardt, for example, 1892, 
had described the inhibition fungus, Peziza trifoliorum, 
between Penicillia and Aspergilli when these were grown 
solid media. 1911 Harder showed the inhibition 
Stereum purpureum Penicillium luteum (Fig. 9). Many 
observations were made and general technical procedures 
furnished Porter (1924), who noted, among other things, 
that penicillium inhibited the growth Pestalozzia (Fig. 10). 
interesting example fungal inhibition, using the 
technique growth agar, was described Nadson 
Jolkevitch (1923), who found contaminating fungus, which 


they later called Spicaria purpurogenes, with the capacity 
kill the common baker’s yeast. 

The observation the moulds which has had most 
consequence was made 1929, when Fleming noticed mould 
which had accidentally fallen one his culture plates 
and which was causing the dissolution staphylococci 
its neighbourhood (Fig. 11). subcultured this mould 
(subsequently identified Penicillium notatum) broth and 
found that secreted something into the broth which had 
the power stopping the growth and eventually slowly 
killing many pathogenic organisms. called the broth 
which this antibacterial substance had 
penicillin, and later the antibacterial substance itself was 
given this name. observed that the broth acted many 
important pathogenic organisms such the streptococcus 
and staphylococcus, while others, such influenzae and 
the Salmonellas, remained unaffected. The crude metabolism 
liquid was shown not more toxic animals than broth 
which nothing had grown. curative experiments were 
performed experimental infection animals, but the 
suggestion was made that the substance would useful for 
dressing septic lesions man, and indeed some were 
treated without, however, any very striking results. The 
clinical possibilities this antibiotic were not pursued until 
the beginning the next decade, although Fleming main- 
tained his strain the mould and made use the broth 
differential culture media the laboratory. 


The Position 1939 


The position the end the nineteen-thirties may 
perhaps summarized thus. very large number 
observations antibiosis had been recorded from 1877 
onwards—some the most striking have been 
but there were great many more—and from all this work 


FIG. THE FIRST OBSERVATION PENICILLIUM 
NOTATUM 1929) 


This photograph the original plate which Fleming found 
colony Penicillium dissolving the surrounding colonies 
staphylococci. all bacteria were susceptible the action 
the mould, and Fleming made use this property incorporating 
broth which the mould had grown media for 
culture. Among other experiments showed that the broth was 
more toxic bacteria than human leucocytes vitro. 
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certain proposals had emerged for the use micro-organisms 
therapeutics 

The replacement pathogenic organism another 
and less harmful organism—for example, Bact. termo” 
replace the tubercle bacillus the lungs staphylococci 
replace diphtheria bacilli, and pneumococci replace 
meningococci, the throat lactic acid bacilli and Bact. coli 
replace organisms infecting the intestine. 

Artificial immunization one organism protect 
against infection another. 

The use lytic substances from one organism for the 
oreparation soluble vaccines other species—for example, 
Much’s sentocym and Gratia’s mycolysates. 

The use soluble bacterial mould products 
application for the treatment local infections—for 
pyocyanase and penicillin broth. 

The use soluble bacterial mould products 
parenteral injection treat established diseases—for example, 
anthrax, and Vaudremer’s extracts Asper- 
villus fumigatus and Rappin’s extracts subtilis 
tuberculosis. These were examples true chemotherapeutic 


Discovery Penicillin’s Chemotherapeutic Powers 


the early part 1939 wide investigation natural 
antibacterial substances was planned Dr. Chain and 
nyself, and penicillin was one the first chosen for investiga- 
tion. 1932 Clutterbuck, Lovell Raistrick had published 


FIG. ACTIVITY LICHENS AGAINST BACTERIA 
(Burkholder, Evans, McVeigh Thornton, 1944) 


Extracts lichens were made mortar and tested the cylinder- 
plate method against various bacteria. the experiment illustrated 
the lichens were extracted grinding them with the 
ether was then evaporated and the residue taken buffer, 
for testing. This useful method for testing for the 
presence antibiotics which are insoluble water but can 
extracted organic solvent. 

The bacterium the plate cereus and the numbered cylinders 
contain extracts Cladonia cristatella (2), caroliniana (3), 
Grayi (5) and coniocraea (6). 
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FIG. 13. INHIBITION GREEN PLANTS (Osborn, 


Plants have from prehistoric times been used for medicines and 
some have had high reputation for preventing suppuration 
wounds. Certainly many plants can shown contain anti- 
bacterial substances. The cylinders the plate illustrated contain 
watery extracts 

Allium sativum 

Spiraea aruncus 

Ranunculus bulbosus 

Prunella vulgaris 
The last, which was negative this test, was called 
and was recommended century herbals for treating wounds. 


paper which they showed that penicillin could produced 
the mould synthetic medium, and that could 
extracted from water into ether the water was made acid, 
but that large losses antibacterial activity occurred the 
evaporation the ether. They had recognized that penicillin 
was most stable around neutrality, but had stated that was 
very labile substance, and they did not carry the work 
further. Based this work found, with our colleagues 
Oxford, method for extracting the penicillin and making 
preparations which, though crude, had high antibacterial 
activity. After some preliminary biological experiments 
with these extracts, became clear that the substance might 
exceptional interest and team workers was 
assembled the Sir William Dunn School Pathology 
Oxford. 1940 the first observations penicillin from 
Oxford were published (Chain, Florey, Gardner, Heatley 
Jennings, Orr-Ewing Sanders), which clearly distinguished 
this antibiotic from any its predecessors. They showed that 
artificial infections mice with the streptococcus, staphylo- 
coccus and septique could completely controlled 
injections penicillin extract, that there was almost 
100% survival from infections which would otherwise 
certainly have been fatal. other words, penicillin was 
chemotherapeutic drug great power, that say, 
was such low toxicity that could, without producing any 
toxic signs, injected parenteral routes amounts which 
would stop the growth bacteria all parts the body. 
Many other investigations were made. full account 
these, together with the results the first clinical trials, was 
published 1941 (Abraham, Chain, Fletcher, Florey, 
Gardner, Heatley Jennings), and the results larger 
clinical trial 1943 (Florey Florey). Two the facts 
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especial importance which emerged from the laboratory work 
Oxford were, firstly, that extracted penicillin was fully 
active the presence pus and tissue-breakdown products, 
and large numbers bacteria, all which impaired the 
antibacterial action all the sulphonamides known that 
time, and, secondly, that even very impure extracts were 
non-toxic animals concentrations hundreds times 
greater than those required inhibit bacteria, and that with 
increasing purity the extracts the toxicity became still less 
(Florey Jennings, 1942). 


Examples Recent Work Some Special Groups 


Sporing Aerobic Bacilli 


the present time widespread survey natural sources, 
such plants, moulds, and bacteria, being made for the 
presence antibiotics. 1939 Dubos, after long study and 
preparation soil bacteria, had described the isolation 
powerful selective antibiotic from spore-forming soil 
bacillus, brevis. collaboration with others investi- 
gated this substance, now known tyrothricin, from both 
chemical and biological point view, and the clinic. 
Tyrothricin was found consist two crystalline poly- 
peptides, gramicidin and tyrocidine, which both 
antibiotics. They have proved too toxic act chemo- 
therapeutic agents, but have had some use local 
applications, and have proved the greatest interest 
the crystallographers for the study protein structure 
x-ray methods. Gramicidin was shown particularly 
active against gram-positive organisms such pneumococci 
and streptococci. 

From the group spore-forming bacteria, also, Johnson 
and his collaborators (Johnson, Anker Meleney, 1945) 
have prepared which they have named 
This seems affect the same range 
bacteria penicillin; has been shown capable con- 
trolling experimental disease mice, and can used 
successfully least surface application for disease 
man. 

This group organisms the subject active research 
the present time more than one country, and new 
publications continue appear. 


Actinomycetes 


Among several antibiotic substances extracted Waksman 
and his colleagues (Schatz, Bugie Waksman, 1944) from 
the actinomycetes, one known streptomycin 
investigated which has proved particularly interesting. 
Although little toxic animal tissues, stops the growth 
many pathogenic organisms high dilution, and active 
against some the organisms not inhibited penicillin, 
for instance, some the gram-negative organisms such 
Bact. coli and Ps. pyocyanea, and has some effect 
against the tubercle bacillus. Its possible use for the treat- 
ment tuberculosis now being actively pursued, but 
still too early say what may achieve. Waksman 
Woodruff (1942) have also described streptothricin, 
substance similar to, but more toxic than, streptomycin and 
Gardner Chain (1942) isolated, from accidental con- 
taminant, proactinomycin, which acts against gram-positive 
organisms, and has been shown have chemotherapeutic 
properties against peritoneal infection the streptococcus 
when given mouth (Florey, Jennings Sanders, 1945). 
Its range antibacterial activity very similar that 
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penicillin, but probably too toxic used man, and 
such great progress has been made chemotherapy during 
the last few years that now little interest except 
add the list naturally-produced antibacterial substances 
with chemotherapeutic properties. 


Higher Plants 


Higher forms plant life also contain antibacterial sub- 
stances. Burkholder and his colleagues (Burkholder, Evans 
McVeigh Thornton, 1944) examined large number 
lichens, which are symbiosis fungus and alga, 
them with saline other solutions and testing the 
extract, and found that many contained inhibitory sub 
stances (Fig. 12), some which was suggested might 
lichen acids, but yet real chemical examinations 
reported and further biological examinations. 


FIG. 14. METHOD TESTING THE 
POWER BASIDIOMYCETES AND OTHER 
DIFFICULT GROW LIQUID CULTURE 
(Wilkins Harris, 1944b) 


The fungus tested was grown solid medium and when 
the colony was well developed radial strips were cut out 
removed, together with the underlying agar. Warm agar was 
sown with test organism such staphylococcus, and poured 
Petri dish. Before the agar set, the strips from the fungus 
colony were dropped into it. The plate was then incubated. Th: 
illustration shows inhibition two species Basidiomycete. 
Tricholoma nudum and Clitocybe aurantiaca (2). the forme 
the older part the fungus colony (c) has produced the 
inhibitor, while the latter the younger part (e) has produce 
the most. 


similar way upwards three thousand green plants 


been examined Osborn (1943; 1945; Fig. 13), 
others (for example, Cavallito, Buck Suter, 1944 
Cavallito, Bailey Kirchner, 1945), with the discovery 
many with antibacterial action. 

Heatley, investigating (1944) the antibiotic produced 
small wild flower, Crepis taraxacifolia, elucidated 
interesting phenomenon. found that an_ inactive 
precursor was present the plant and that the yellow petal 
the flower contained enzyme which, acting 
precursor, produced the antibiotic. This crystallized anc 
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called crepin. antibacterial substance little 
interest, although has powerful pharmacological action 
the mammalian heart, but interesting speculate 
what way, any, this enzyme-substrate reaction can benefit 
the plant, and whether its antibacterial powers have any 
significance. 

From the surveys which have been made scientific 
collections fungi and higher plants, well from the 
examination stray contaminants, one sees that 
hundreds producers antibacterial substances are now 
known and that probably hundreds new compounds await 
comprehensive investigation. 


Possible Further Uses Antibiotics 


Antibacterial action, however, only one aspect the 
potentialities these substances, for their possible effects 
protozoa and other non-bacterial causes disease, 
particularly the tropics, and the fungi which cause skin 
infections, are yet little explored. this connexion there 
interest substance which, now appears, was first 
detected Dutch workers (van Luijk, 1938) the course 
investigation Penicillium They eventually 
extracted crystalline antibiotic which they called expansine, 
the same that which has later been obtained from several 
other moulds and goes under variety names—clavacin, 
clavatin, claviformin, patulin, penicidin. This substance has 
powerful antifungal effect and was used the Dutch 
observers for treating fungus diseases the skin. Sanders 
(1946) has found that many pathogenic fungi are inhibited 
when applied locally and its possible place therapeutics 
remains seen. Both gramicidin and penicillin have been 
used veterinary medicine, and the interest antibiotics 
not confined human animal therapeutics, for penicillin 
has been used successfully and apparently economically 
treat the galls apple trees caused 
bacterium, injecting crude metabolism liquor containing 
penicillin into each gall (Brown Boyle, 1944), and other 
bacteria and some the fungi which cause plant diseases 
have been shown susceptible antibiotics (Waksman 
Bugie, 1943; Anslow, Raistrick Smith, 
1946). 


Procedure Antibiotic Research 


The procedure for investigating substances which may 
antibiotics now fairly clearly established, and should 
followed. First the production 
antibacterial substance must demonstrated. Usually 
moulds and bacteria are grown liquid media and the liquid 
examined some such method Heatley’s cylinder-agar 
plate technique for inhibition staphylococcus, Bact. coli 
other selected organisms. This method testing equally 
suitable for testing any liquid extract and has been applied 
the examination plants and other possible natural 
sources. 

Many basidiomycetes have been shown Wilkins 
Harris (1944a; Wilkins, 1945) produce antibacterial 
substances, and most these fungi grow very slowly 
artificial culture and not produce spores, the initial detec- 
tion their antibacterial action presents some difficulties. 
Wilkins and Harris grew the fungus solid medium and 
then with sharp tool cut out section passing through the 
centre the colony. This section was embedded agar 
plate sown with bacteria, and inhibitors were present they 
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diffused out and inhibited the bacteria the plate. was 
possible this means see whether the younger older 
part the fungus produced the antibiotic (Wilkins Harris. 
1944b Fig. 14). 

After demonstrated that antibiotic present, the 
first step towards the investigation any substance 
find the best conditions for its production. the case fungi 
and bacteria matter finding the best cultural con- 
ditions and the best composition the culture medium. 
With fungi particular, the latter often the greatest 
importance, for fungus may grow luxuriously and yet 
produce antibiotic the medium not suitable, whereas 
another medium, which growth may poorer, the 
antibiotic will produced. With plants the production 
the antibiotic has considered relation the season 
the year, the phase growth the plant, the different 
parts the plant, and on. Then comes the examination 
the best way extract the substance. Though each 
extraction presents new problem, experience has shown 
that certain lines investigation should followed. Many 
substances are soluble organic solvents and most these 
are relatively easy purify, especially means chromato- 
graphy. Neutral substances which are insoluble organic 
solvents, however, still offer great difficulties purification, 
but gradually methods are being evolved deal with sub- 
stances this class. 

After the substance has been extracted highly concen- 
trated pure form, the range organisms against which 
active—usually pathogenic organisms are considered 
first—is determined, together with such data whether 
inactivated serum body-fluids. The toxicity whole 
animals, usually mice, determined, and particularly 
important determine the effect repeated injections, for 
chemotherapeutic practice repeated doses will always 
necessary. For example, some antibiotics, which single 
injection well tolerated, produce liver damage when the 
injection repeated often. Toxicity individual tissues 
determined vitro observations leucocytes tissue 
cultures and injections into the cerebrospinal cavity 
other selected sites animals. Pharmacological investiga- 
tions into the effect the substance the most important 
physiological functions follow. these, the observations 
the heart, blood pressure and respiration are the most 
important. If, the end these investigations, substance 
appears both sufficiently powerful against bacteria and 
sufficiently non-toxic, protection experiments appropriate 
animals, such mice, or, for the tubercle bacillus, guinea- 
pigs, become justifiable. The infection must, course, 
induced organism sensitive vitro the antibiotic 
under test, and order determine the route and frequency 
administration, and the size the dose, studies 
absorption and excretion animals must carried out. 

The failure carry out systematically this scheme 
procedure undoubtedly accounts for the publication many 
investigations which are far from complete. any case, 
before serious trials man are carried out, comprehensive 
laboratory work necessary. One lesson has, think, been 
clearly learnt very recent years: that, the field 
antibiotic research, continuous and satisfactory progress can 
expected only when people with different technical attain- 
ments and different outlooks agree combine for compre- 
hensive investigations. Few individuals have the knowledge 
and technical accomplishments carry through all the 
necessary chemical and biological investigations completely. 
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The skilled investigation the chemistry such substances 
may lead better understanding antibacterial action. 
The antibiotics far known are mostly complex substances 
large molecular weight, and the structure few them 
has far been elucidated. Dubos has insisted, much 
biochemical interest attaches the clarification the 
mechanism which these substances produce their effects, 
for thorough knowledge this may bring with the ability 
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Recovery host from infection implies that the conflicting 
interests two species—host and parasite—have the 
instance concerned been decided favour the host. 
are present interested cases which the recovery 
has been favoured administration substances the 
already-infected host, and, particular, those cases 
which the action the chemotherapeutic agent concerned 
(or substance derived from the host) upon the 
parasite. These instances include the majority well- 
established chemotherapeutic actions, but will realized 
that the class antibacterial agents much more extensive 
than the class chemotherapeutic agents which affect 
bacteria. includes many inhibitory substances whose 
behaviour host would make them unsuitable for chemo- 
therapy. order, however, develop the study anti- 
bacterial agents point which may useful 
chemotherapy, will advantageous not emphasize the 
chemotherapeutic efficacy the agents studied. The 
question whether chemotherapeutic agents show any 
particular type antibacterial activity can then raised 
later point. 


TYPES ANTIBACTERIAL ACTION 


Growth the parasite the expense the host 
essential part infection and leads the choice growth 
and viability criteria classifying antibacterial effects 
into the following three types. 


Actions Bacterial Products, without much Effect 
Growth and Viability 


Such action becomes interest chemotherapy when 


the products affected are types which are concerned the. 


relation between parasite and host; these, the most 
important are antigenic substances, toxic the host 
protective the organism. The use antitoxins con- 
stitutes important part chemotherapy, but one which 
conventionally studied apart from it. agents affecting 
protective substances, Dubos’ findings (1939-40) are out- 
standing. presenting pneumococcal capsular poly- 
saccharide main nutrient soil bacteria, species was 
isolated which yielded enzyme capable breaking down 
specifically that polysaccharide, vitro and vivo. Growth 
the pneumococci was otherwise normal vitro, but 
vivo the non-capsulated cells underwent phagocytosis and 
were unable cause infection which proceeded the 
absence the enzyme. this case the action the agent 
was such afford immediate experimental connexion 
with specific constituent the bacterial cell, known 
function. This makes its action readily understandable 
will seen below, much investigation required before 
such knowledge other types agent attainable. 


Effects upon Growth 


Effects growth are many, and some description must 
precede attempts their understanding. initial observa- 
tions are confined the increase bacterial substance 
during growth cultures, ignoring the morphology the 
cells produced, the growth-curve becomes the basis 
description. Curve Fig. represents the course growth 
commonly found uninhibited culture, and the effects 
which different agents have been observed have upon 
such growth include the following. Increase 


DIAGRAMS REPRESENTING THE COURSE 
GROWTH BACTERIAL CULTURES 


Abscissae time 

Ordinates logarithms numbers organisms 

Fig. covers longer period time than Fig. 

Curve each represents normal the other curves 
represent cultures under the influence various substances, 
which are referred the text. 
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(as curve ii) the principal effect sublethal concentra- 
tions proflavine and methylene blue Bact. lactis 
aerogenes (Davies, Hinshelwood Pryce, 1944). Decrease 
rate growth (curve iii) the first action produced 
growth sulphonamides (Kohn Harris, 1941) and 
pantoyltaurine 1944), and also one the effects 
concentrations phenol, mercuric chloride, cupric salts 
and formaldehyde lower than those which are bactericidal 
population (curve iv) also caused sublethal concentra- 
tions phenol, HgCl., and but the 
present effect can shown secondary the action 
growth-rate (Poole Hinshelwood, 1940). Adverse can 
lower stationary population with little effect growth-rate. 
Effects upon Viability 

investigation the numbers organisms normal 
cultures continued beyond their stationary population, 
Fig. found that slow death-rate ensues (curve i). 
proportion organisms is, fact, dying even during the 
growth the culture whole. This can become apparent 
during the action bacteriostatic compound, curve 
addition, some compounds regarded primarily bacterio- 
static—such the sulphonamides—may some extent 
accelerate this process (Wolff Julius, Colebrook 
Cawston, 1945), but the agents termed bactericidal impose 
much greater death-rate upon the culture, such that 
represented curve vi. 

Until recently did not appear that bactericidal agents 
were great chemotherapeutic interest because their 
action tended show little specificity and extend animal 
tissues. Their potentiality has, however, been shown 
penicillin, though the action this substance not one 
which has been regarded typical bactericidal agents. 
Phenol formaldehyde can show differences the intensity 
their action upon bacteria various stages their growth, 
but with penicillin such differences become extreme. Peni- 
cillin had little action staphylococci, streptococci 
meningococci whose growth was prevented lack 
nutrients or, when nutrients were provided, boric acid 
cooling. But under conditions which normally 
bacterial growth, ordinary broth serum, penicillin 
caused their death (Bigger, 1944 Hobby Dawson, 
Miller Foster, 1944; Hirsch, 
peculiarity the action penicillin staphylococci 
appeared connected with its failure act non- 
proliferating organisms. This was the non-susceptibility 
penicillin very small proportion individuals 
staphylococcal cultures. When, later, such organisms were 
caused grow, they were normal susceptibility 
penicillin. 

Bactericide penicillin requires definite period 
exposure organisms the drug, and this period increases 
with decreasing concentrations penicillin. Bactericidal 
effects initiated penicillin could result the death 
organisms after their removal 
media (Parker Marsh, 1946), observation which suggests 
the existence distinct stages, still defined, its 
action. 

Surveying the results this initial classification anti- 
bacterial action, one can observe characteristic differences 
the effects different compounds but little specificity 
agents successful chemotherapeutically, and adequate 
understanding the origin the actions. The effects have 
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many cases been ascribed changes hypothetical systems, 
and physiological classification such systems can 
given their necessity for initiating prolonging 
bacterial growth terms their necessity (in systems 
affected bactericidal agents) least partial dispensa- 
bility (with bacteriostatic agents) for maintenance bacteria. 
Further advance has been based such initial analyses, but 
has employed different techniques. The necessity for correct 
initial recognition the physiological characteristics anti- 
bacterial action may illustrated the lack advance 
understanding the action sulphonamides, while they 
were believed primarily bactericidal that peni- 
cillin, while was believed primarily bacteriostatic. 


BIOCHEMICAL AND CHEMICAL STUDIES 


The main problem presented the material the fore- 
going paragraphs the identification systems primarily 
affected antibacterial agents. approach this one may 
enquire what extent growth normally affected 
chemical substances, apart from those artificially introduced. 
immediately found that many the preceding effects 
can paralleled the action substances normally 
associated with bacteria. Lag increased lowered con- 
centrations CO, (Gladstone, Fildes Richardson, 1935 
Dagley Hinshelwood, 1938) (Lodge Hinshel- 
wood, 1939). Suboptimal concenirations many substances 
essential growth, including pantothenic acid 
1944), limit growth relatively specific action the 
stationary population. Others affect growth-rate. might 
therefore possible describe the systems attacked 
inhibitors, terms the substances with which they 
normally interact. 

Any investigation the action antibacterial agents 
meets this point the complexity living organisms, and 
the fact that more unknown than known the nature 
and organization their component systems. Empirical 
examination the action drugs on, for example, enzymes 
concerned with known nutrients would extremely laborious 
and uncertain yielding positive result. Also, several 
inhibitory effects which have been discovered this way 
have proved unconnected with the actions the 
inhibitors growth. Approaches which are more analytical 
and selective, and some way specific the particular 
agent concerned, are therefore required. Those which have 
been found successful not conform single pattern, 
but are illustrated here investigations sulphonamide 
and acridine derivatives. 


Sulphonamides and Drug-antagonists 


Such approach was found the case the p-amino- 
benzene sulphonamides, the study substances 
antagonizing their action. The inhibitory action the drugs 
was found prevented miscellaneous preparations 
naturally-occurring materials, such tissue yeast extracts 
(Stamp, 1939), which did not, however, react with sulphanila- 
mide the absence the bacteria. Supposing sulphanilamide 
action have some degree specificity, particular sub- 
stances the extracts might expected associated 
with it. This proved the case and the main antagonist 
was shown have the properties p-aminobenzoic acid 
(Fildes, 1940; Woods, 1940). the selection one 
compound related the drug, from the many associated 
with living organisms, was achieved chemical fractionation. 
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Degree Action and Drug Concentration 


The connexions frequently studied between such characters 
became considerable value the analysis the action 
sulphonamides, after p-aminobenzoic acid had been charac- 
terized. The discovery this substance antagonist was 
coupled with the finding rough proportionality between 
the concentrations sulphanilamide and p-aminobenzoic 
acid needed produce given antibacterial effect, and the 
suggestion that this was due competition between the two 
substances for essential bacterial systems. Such competition 
was expressed mathematically, assuming both compounds 
equilibrium with such system, and the rate 
growth Escherichia coli during its logarithmic phase was 
shown dependent the quantity p-aminobenzoate 
attached the system (Wyss, 1941). 


Assimilation and Function p-Aminobenzoate 


Some knowledge this system has been obtained 
considering the properties p-aminobenzoic acid exists 
bacteria. Organisms susceptible sulphonamides may 
may not synthesize p-aminobenzoic acid, but exists 
their cells combined form. streptococci are grown 
ihe presence partly-inhibitory concentrations sulphanila- 
mide, they can suffer defects major metabolic processes 
such oxygen uptake (cf. Henry, 1943) but sulphanilamide 
cannot induce such deficiencies already-grown cells. does 
not displace from them significant part the p-amino- 
benzoic acid which they contain 1945), but does 
limit the cells building fresh cells containing p-amino- 
benzoic acid. 

sulphanilamide acts inhibiting assimilation 
p-aminobenzoic acid, the further question raised the 
manner which this substance essential growth. Some 
suggestions regarding this have been made closer 
analysis the course growth organisms the presence 
sulphonamides and natural materials which antagonize 
their action. complete growth-curves are followed, 
evidence for the occurrence type antagonism different 
trom that p-aminobenzoic acid found (Kohn Harris, 
1941; 1943; Harris Kohn, 1941). This also can 
ascribed particular substances natural occurrence, 
among which are methionine, certain purines, and further 
unidentified. suggested that these 
compounds are the normal products systems which 
p-aminobenzoic acid functions, but the necessary biochemical 
demonstration this lacking. 

For approach full understanding the action 
sulphanilamide will necessary also connect such 
findings with physiological features the action the 
inhibitors are methionine and purines less necessary during 
reactions the lag-phase bacterial growth, which 
sulphanilamide has less action, than during the logarithmic 
phase, which more susceptible inhibition The observa- 
tion that methionine and purines are components major 
cell-materials, such proteins and nucleic acids, may 
partial answer, but detailed connexions between such 

observations and the defective respiration referred above 
remain discovered. 


Structural Specificity the Inhibiting Agent 


Sulphonamides have been discussed above collectively, 
but quantitative differences between the activities 
have 
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given evidence confirming that their main action related 
p-aminobenzoic acid. Investigation the action drugs, 
examining series related compounds that con- 
nexions can found between their structure and action, 
well-established method, and one which follows naturally 
from that empiricism chemotherapy which has demanded 
the production many compounds before effective ones 
have been found. Connexions between structure and action 
themselves give only limited information, but relation- 
ship suspected between antibacterial action and further 
characteristics the action drug, then the degree 
which the two features are correlated series chemically- 
related compounds gives evidence the validity the 
suspected relationship. 

The first characteristic the sulphonamides con- 
nected with the differing the drugs inhibit 
bacteria was the interacting ratios the concentrations 
the drugs and p-aminobenzoic acid (see above Rose Fox, 
1942). This confirmed the importance p-aminobenzoic 
acid their action. The second characteristic correlated 
was the acidic-dissociation constant the drugs. This 
property was selected for investigation the basis the 
finding that action sulphonamides was related p-amino- 
benzoic acid through competition for common system 
the bacteria was considered that competition would 
effective far the sulphonamide approached p-amino- 
benzoate its behaviour ionized amino-acid. Here 
marked optimum antibacterial activity was found 
associated with pKa (Bell Roblin, 1942). 
This finding was considerable value, through the known 
effects substituents the ionization aromatic deriva- 
tives, enabled the probable action unknown substances 


Structural Specificity the Action Acridine 
Derivatives 


This latter phase the investigation the action 
sulphonamides has been paralleled that acridine 
derivatives. this case, knowledge the physical property 
likely concerned their action was not obtained 
the basis prior biochemical investigation, but studying 
several such properties over 100 acridine derivatives 
(Albert, Rubbo, Goldacre, Davey Stone, 1945). Several 
organisms varying susceptibilities the inhibitors were 
examined, but the relative activities the compounds were 
roughly the same each was concluded that 
their actions the different organisms were also similar. 
Among the different compounds, structures capable 
resonance were frequently associated with high antibacterial 
activity, but not always lipophilic nature was not markedly 
correlated with antibacterial properties, and redox potential 
appeared secondary and not primary importance. The 
closest correlation with antibacterial properties was found 
the basic strengths the compounds. The effect 
substituents the acridine molecule, upon antibacterial 
action the resulting compounds, could largely 
their effect upon basic strength: amino-groups the 
and positions increased both properties chloro- 
derivatives, both were depressed unless the compounds 
substituted were already highly ionized hydroxyl-groups 
also depressed both properties. Nitro-groups were excep- 
tional introducing discrepancies into the above correlation, 
presumably through action different type from that 
typical the acridine nucleus. 
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These findings were summarized the conclusion that 
only those compounds basicity sufficient for some 75°, 
the acridine present cations were effective 
antibacterial agents. the effects substituents the 
basic strength aromatic molecules known from inde- 
pendent data, least semi-quantitative fashion, was 
possible for the probable antibacterial potency unknown 
synthesis. 


Antibacterial action the acridines fell with decrease 
manner which was quantitatively interpreted 
competition between ions and the bases, for essential sites 
the bacteria. Growth absence growth was con- 
ditioned the balance the reactions being bacterial 
(inactive). Little can said these groupings, from the 
present results, except that they are presumably acids with 
some way related the acridine nucleus 
for not all bases act the acridines. 


Antagonists the Action Acridine Derivatives 


this point some independent characterization the 
bacterial system affected acridine derivatives was required. 
Study antagonists the action the compounds has not 
been productive was the case with sulphonamides, but 
has given some relevant data. Firstly, the naturally-occurring 
substances most potent antagonizing proflavine 
diaminoacridine) are nucleic acids, which act forming 
with complex salts 1941). These are not 
necessarily precipitated, but reduce the concentration 
proflavine ions solution, superimposing the equilibria 
the preceding paragraph the further one (N~ 
acid ion): NA, through which some the 
acridine derivative withdrawn from the bacteria. Organisms 
exposed proflavine until they were non-viable under 
ordinary conditions could rendered viable exposure 
nucleic acids. Both the quantities nucleic acid needed 
antagonist, and features the action the acridines, 
suggest that their action not combine with all nucleic 
acids the organisms, but with, for example, certain specific 
nucleic acids. 


with the suphonamides, different compound 
have been found antagonize only limited concentrations 
proflavine. the case Escherichia coli, one these 
antagonists had the properties amino-acid but was not 
chemically identified 1941). With Bact. lactis 
aerogenes such antagonist was found importance 
the normal growth the organism (Davies, Hinshelwood 
Pryce, 1944). The main effect proflavine the bacterium 
was increase the length its lag-period. This could also 
occur independently antibacterial was found 
the growth inoculum taken from very young 
culture, and was then annulled addition sterile 
filtrate from older culture. Such filtrate would also 
prevent the increased lag due proflavine. Substances 
the filtrate were presumably normal products bacterial 
enzymes, which may thus concluded inhibited 
proflavine. Here, also, the possibility afforded 
biochemical characterization the system concerned. The 
filtrate did not antagonize all actions the 
cells remained morphologically distorted. 
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OBSERVATIONS THE INVESTIGATION 
ANTIBACTERIAL ACTION 


From these and other examples, some general observations 
may made with respect current studies 
agents. apparent that the effect any one agent 
traced through many consecutive systems the bacteria. 
and, indeed, study such agents making considerable 
contributions understanding the organization living 
systems general. 

Considering such systems and commencing with the 

point action the agent, will seen that the 
receptors earlier investigators are now usually regardec 
enzyme-systems. Probably not sufficient investigation: 
have been carried out show any limitations this view. 
but has been great practical and theoretical value 
particular, has enabled the gap between added 
and bacterial processes bridged entities whose genera! 
properties are well known, although the isolation 
receptor concerned with antibacterial chemotherapeutic 
agents has not yet been achieved. Regarding drug-receptors 
enzyme-systems has not only given general understanding 
the relationship between drug bacterium, but has 
greatly assisted the quantitative study their interaction. 
Structural relationship between certain antibacterial agents 
and compounds normally importance the organisms 
necessarily specific this outlook, but investigation 
such relationships has developed largely under the stimulus 
enzyme theories. 
Connexion between the products the enzymes con- 
sidered initially affected, and the physiological behaviour 
the bacteria, not any means immediate. With 
sulphanilamide pantoyltaurine the first action the 
enzyme. The products such enzyme may the 
substances structural importance implicated secondary 
antagonists sulphonamides, connected with energy- 
vielding reactions the case pantoyltaurine but 
apparent that many systems are involved whose isolation 
further necessary before the actions can 
said understood with any completeness. 

other instances—which include penicillin—investigations 
still require initial directive comparable that given 
the study sulphanilamide the implication 
benzoic acid its action. This stage would probably have 
been passed the methods successful with sulphanilamide 
were directly applicable penicillin. That element 
investigation sulphonamides, pantoyltaurine, the 
pneumococcal polvsaccharidases and other agents, which 
most probably general application, the great 
value establishing connexion between their action an: 
specific cell-constituents. Substance and process, her 
elsewhere living organisms, are interconnected 
the same entity, but, when neither known, 
substances that can probably first characterize wit 
greater certainty and precision. The development 
above knowledge sulphonamide action illustrates hov. 


studies concentrating one substances, and 


another processes, alternate and support each other. 
Study antibacterial action far from being stereo 
typed subject that the manner which substances 
with new chemotherapeutic agents are characterized mus 
depend peculiarities the agent concerned and 
genius the individual investigator. 
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THE NUTRITION BACTERIA 


The Work the Medical Research Council’s 
Unit for Bacterial Chemistry 


PAUL FILDES, O.B.E., M.B., F.R.S. 
Director, Unit for Bacterial Chemistry, Medical Council 


Accurate knowledge the nutrition bacteria very 
recent date. the time the publication the Medical 
Research Council’s System bacteriology (1929-31), was 
understood that some bacteria medical interest would 
grow simple mixtures salts which the sole nitrogen 
source was and lactate glucose supplied the energy. 
the other hand, was known that other bacteria required 
amino-N. these nutrients were inadequate, then 
its various forms was used and, the last 
resort, serum, blood and other products the medium 
Those who were interested the physiological 
aspects nutrition—and they were few—had shown that 
inadequate medium could made adequate the 
addition extracts organic material, and had even fraction- 
ated these extracts until the activity was highly concentrated 
small did “accessory growth was 
certainly supposed that the minute addition 
was single substance, and the influenza bacillus which was 
known require two accessory factors was looked upon 
more complex. Much discussion had taken place 
whether these were bacterial vitamins comparable with 
the vitamins animals. 

Much the same position was taken the Medical 
Research Council’s Vitamins: survey present knowledge 
(1932). The idea that bacteria required what may called 
balanced diet had not crystallized. Much work had been 
done testing the reaction bacteria single substances 
sole sources carbon nitrogen, but whatever interest 
such work may have, had clearly practical nutritional 
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Ten years later the position had been greatly clarified 
result work largely confined America and Britain, 
the latter the Medical Research Council through its 
Unit for Bacterial Chemistry. 

became widely recognized that bacteria require for 
normal growth, not only the same basic sources energy 
animals, but the same sources amino-nitrogen and, 
within limits, the same vitamins. The only outstanding 
difference between animals and bacteria due the fact 
that the latter have more power adaptation changed 
environments, and can thus develop more easily power 
synthesize materials which are normally essential, and 
dispense with these the nutrients. 


Preliminary Work Bacterial Metabolism 


The Unit (Department) for Bacterial Chemistry was 
founded the Medical Research Council 1934 the 
following circumstances: The present writer, the part- 
time service the Council and working the London 
Hospital, had been interested for years the more physio- 
logical bacteriology, e.g. the conditions growth 
the influenza bacillus (Fildes, 1920; 1922; 
1924), and then the conditions allowing the germination 
tetanus spores (Fildes, 1927 1929a 1929b Campbell 
Fildes, 1931). Being without special chemical training, 
became associated with Knight study the 
germination spores with more accuracy (Knight Fildes, 
1930). then became clear that advance this direction 
was without more knowledge the basic nutrition 
bacteria. that time conditions were not unpro- 
Biochemistry was making increasing contributions 
bacteriology. Dr. Marjory Stephenson, Cambridge, 
had produced the first edition her book, Bacterial meta- 
bolism (1930), which knowledge bacterial nutrition 
was critically analyzed from the biochemical point 
view. the first two volumes (1932, 1933) Annual 
Review Biochemistry she published articles 
chemistry bacteria, which nutritional advance was, 
same volumes Heidelberger wrote immuno-chemistry. 
was only the third volume (1934) that the nutrition 
bacteria was referred to. recorded that Mueller, 
Klise, Porter Graybiel (1933) the USA had discovered 
that cystine and tryptophan were essential for the growth 
diphtheriae that Burrows (1933), also the USA, had 
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been growing C/. botulinum mixtures amino-acids, and 
that Fildes Knight (1933) Britain had made several 
advances. 

Mueller had been working critical chemical lines 
for some years and, fact, during his bacteriological studies, 
was the first isolate hitherto unknown substance, the 
amino-acid methionine, which later was shown 
essential amino-acid for some microbes and, course, for 
animals. 

When starting work, Knight and Fildes decided avoid 
non-pathogenic bacteria which, being able grow 
ammonium lactate, were clearly unsuitable test-objects for 
the study accessory They concerned them- 
selves with the more exacting, usually pathogenic, types which, 
any case, were the microbes which the Medical Research 
Council was directly interested. the germination 
which had been under investigation, was, however, too 
and work was transferred sporogenes, 
which had similar anaerobic characters. 

due course they described Sporogenes vitamin 
(Knight Fildes, 1933), without which the organism would 
not grow. The chemical nature this vitamin has never 
been established, spite the collaboration Pappen- 
heimer (1935), when was visit Britain and working 
the Council’s National Institute for Medical Research. 
this respect the work Knight and Fildes cannot 
considered major advance, but the course they 
established large extent the amino-acid requirements 
the organism. that time, the impurity natural amino- 
acids was grave difficulty, and was fortunate that 
Rose and his collaborators animal nutrition laboured 
under the same disability America, since this induced his 
colleague Marvel evolve practical methods for the bulk 
synthesis amino-acids. Gradually synthetic products are 
replacing the natural, but even this day the series not 
complete. The great importance synthetic products for 
this type work shown the fact that the growth 
Cl. sporogenes, obtained 1933 Knight and Fildes, 
cannot repeated the present time. clear that some 
other essential factor, present contamination the 
natural products then used, has been eliminated from our 
present reagents. 

this time Dr. Gladstone joined the writer and 
Knight bacteriologist, and papers (Fildes, Gladstone 
Knight, 1933; Fildes Knight, 1933) were published 
showing the amino-acid requirements Bact. typhosum and 
recording the fact that the requirements changed adapta- 
tion changed environment. The relation tryptophan 
nutrition was particularly stressed. 

Thus organism which normally required tryptophan 
could trained require longer, gradually removing 
tryptophan from the nutrient mixture. This derived organism 
was found have acquired the power synthesize the 
missing tryptophan from simpler compounds. was also 
pointed out that the parasitic pathogenic habit apt 
related inability synthesize tryptophane 


Formation the Medical Research Council’s Unit 


These papers indicated the possibility new approach 
some aspects medical bacteriology, and the Medical 
Research Council decided form special unit for con- 
tinued research under the direction the present writer, 
including Dr. Knight and Dr. Gladstone, and strengthening 


the biochemical side the appointment Dr. 
Richardson. 


The Council was encouraged take this step owing the 
munificence the Trustees the late Viscount Leverhulme, 
who have maintained their support the present day. 
The Council was also fortunate receive generous offer 
accommodation for the Unit the Bland Sutton Institute 
the Middlesex Hospital, directed Professor James 
early colleague the writer. This Unit was 
designed partnership bacteriologists and biochemists, 
working adjacent rooms and constant daily discussion. 
All papers published necessarily contained matter derived 
from actually the work anonymous colleagues. 


Work was started the Middlesex Hospital 1934. The 
Unit was largely responsible for establishing for the first time 
the essential amino-acid requirements number bacteria 
and for showing that nutritional requirements depended upon 
failure synthesis. Out this work the concept was 
gradually developed evolution bacteria depending 
loss synthetic function, concept precisely similar 
that advanced simultaneously but independently Lwoff 
the Pasteur Institute, Paris, relation protozoa. 


Whether the more speculative hypotheses the evolu- 
tionary relations animals and bacteria discussed Fildes 
(1934) are rejected not little importance, since they 
cannot tested, but the data which these were 
collected and correlated Knight and published the 
Medical Research Council (Knight, world- 
wide interest and, fact, have been important influence 
stimulating the chemical study bacterial nutrition. 

The Unit became particularly involved the nutrition 
Staph. aureus. Richardson (1936) found that uracil was 
necessary nutrient the anaerobic growth this organism. 
This was probably the first instance which bacterial 
vitamin, other than amino-acid, had been 
defined. Knight (1935) had been working another new 
factor necessary for growth, and was later (1937) able 
show that his factor consisted aneurin and nicotinamide. 
Schopfer (1935) had already shown that aneurin was 
essential nutrient for mould, and Tatum, Wood Peterson 
(1936) that was probably essential for 
Nicotinamide was, however, into 
bacteriology. These results made clear that the use the 
expression relation bacteria, rather than 


the more favoured was correct, since one 


these substances was already accepted animal vitamin 
while the other was accepted very soon 

the meantime Fildes Richardson (1937) defined the 
sulphur requirements staphylococcus, and Gladstone 
(1937) the nitrogen requirements and the conditions 
which the haemolysin produced (Gladstore, 1938). was 
now possible for the first time grow exacting pathogen 
mixture known composition. 


this stage Dr. Hills joined the Unit and estab- 
lished the necessity for aneurin the pyruvate metabolism 
Staph. aureus (Hills, 1938). Dr. Richardson left and was 
replaced Dr. who became associated the 
discovery glutamine Fildes, Gladstone 
Knight, 1939) and pantothenic acid 1939) 
factors the growth Strept. 1940 was 
the first haemolvticus defined mixture 
1940a). 

the meantime, study the nutrition anthracis 
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revealed curious interrelationships between the nutrient 
amino-acids (Gladstone, 1939). 

The Unit had repeatedly pointed out the close similarity 
between the amino-acid and vitamin requirements animals 
bacteria, and suggested that least the preliminary 
stages animal nutritional research could established 

ith bacteria with great saving time—in hours rather 
weeks months. According Williams (1943), 
practice now common. Microbiological tests 
tremendous advantage that the number tests can 
ery large without inordinate expenditure time 


Bacterial Nutrition Antiseptic and 
Chemotherapeutic Substances 


Dr. Knight had now left the Unit and had been replaced 
Dr. Woods, member the team directed 
Marjory Stephenson working bacterial metabolism 
the Council the Biochemical Laboratory, Cambridge. 
that time Dr. (now Sir Lionel) Whitby, member 
the staff the Bland Sutton Institute, was collaborating 
Dr. Ewins the testing sulphonamide drugs, 
informal discussions with the Unit were frequent. 
seemed clear the Unit that the action antibacterial 
might interference with the normal action 
essential metabolite”. The term growth had 
abandoned favour this term, because the former 
associated with nutrition, i.e. was substance which 
provided for microbe which could not synthesize it. 
the other hand, the same substance was essential link 
the metabolism microbe which could synthesize it, 
was not then required nutrient growth 

The Unit had already shown that the group -SH was 
essential metabolite, and since known combine with 
-SH, was not difficult surmise that the antiseptic action 
might this combination. was also well 
known that the essential metabolite -SH (H-SH) could 
counteract antagonize the antiseptic action Hg. This 
hypothesis the action was tested and found correct 
Fildes (1940a). 

the case sulphanilamide there was already evidence 
(Stamp, 1939). These, the view the Unit, might well 
essential metabolites which sulphonamide reacted, but 
which excess could antagonize sulphonamide. 

This matter was taken Woods with the result that 
p-aminobenzoic acid was found antagonize sulphonamide 
(Woods, 1940). According Woods, p-aminobenzoic acid 
Was essential metabolite for bacteria, and the action 
sulphonamide was due interference with the normal 
metabolism p-aminobenzoic acid, which, turn, was 
due the close structural similarity between these two 


substances 


was question competition between sulphanilamide 
and p-aminobenzoic acid for the service enzyme con- 
cerned normally with the metabolism the iatter. 


Rational Basis for the Development Chemotherapeutic 
Agents 

This was clearly discovery major importance, with 

many repercussions outlined Fildes (1940b). Among 
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other things, indicated that competitive inhibitors might 
designed block the metabolism any essential metabolite, 
was only necessary modify the structure essential 
metabolite that could longer function such, but still 
occupy the service the enzyme. Thus, (1940b) 
produced pyridine-3-sulphonic acid the model nicotinic 
acid and sulphonamide, and Fildes (1941) showed that 
indoleacrylate prevented growth inhibiting the further 
utilization indole, which substance had found 
stage the synthesis tryptophan (Fildes, 1940c). 
rational procedure the development chemotherapeutic 
agents had thus been indicated, and the same time method 
for analyzing the stages 

was not given the Unit support the hypothesis 
demonstrating the correctness the prediction that p-amino- 
benzoic acid was hitherto-unknown essential metabolite 
and animal vitamin, because ceased work the middle 
1940. Rubbo Gillespie (1940) Australia proved the first 
prediction and Ansbacher (1941) the second. the Unit, 
only Dr. the University Sheffield, continued 
this work. 


Continuation the Work the United States during 
the War 


During the war years the members the Unit have 
watched the development this subject America with 
interest. The discovery new bacterial vitamins has become 
almost matter routine, and the application these 
discoveries animal nutrition has become general. Van Niel 
(1943) states: almost foregone conclusion that 
newly discovered growth factor, needed minute amounts 
some micro-organisms, will soon shown vitamin 
for higher organisms.” 

would seem that the general hypothesis the Unit, 
relating antibiotic action the structure essential meta- 
bolites, has been supported many new instances and 
generally accepted. Thus, Daniels (1943): 
standpoint biochemistry, the most interesting development 
this class compounds the elucidation mechanism 
that allows one correlate the activities these compounds 
with their physico-chemical properties. Earlier postulates 
relating the mechanism action have been more less 
superseded the theory Woods and Fildes.” 

Van Niel (1943) must recognized that the attempts 
produce new bacteriostatic agents analogues known 
growth factors have resulted products whose activity is, 
the whole, well agreement with expectation that the 
fruitfulness the original concept has been established.” 

Williams (1943): While must admitted that the 
new approach chemotherapy has not, yet, led the 
discovery new therapeutic agents outstanding merit, 
seems likely that more thorough study the fundamental 
facts concerned will bear fruit.” 

view these opinions, too much attention need not 
paid the few objectors. There has been tendency 
generalize far beyond any claims made Woods his 
only contribution this subject (1940). 

The Unit had just embarked upon the analysis the 
stages the biosynthesis essential metabolites, using 
bacteria which were, spontaneously training, devoid 
certain synthetic enzymes. This subject has now made 
great progress America through new technique 
employing the mould Neurospora, which single synthetic 
enzymes have been destroyed the action rays. The 
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importance this work rests the fact that any stage 
the synthesis essential metabolite itself essential 
metabolite and, further, one against which competitive 
inhibitor can designed. 


Present State Knowledge Bacterial Nutrition 


the present time the general background bacterial 
nutrition has been established, although there are lacunae 
filled. One can say that nutrients are required the 
last resort allow bacteria reproduce and, course, 
carry functions which the appointed end reproduction. 
These activities require free energy and the basic materials 
from which new protoplasm, the type specific the 
bacterium, can built. 

the argument confined the more less heterophilic 
bacteria which include those medical interest, can say 
that the science nutrition defines the precise chemical 
ingredients which must absorbed bacterium that 
can liberate free energy from them katabolic enzymes 
and build protein from them synthetic enzymes. 

order that the bacterium may absorb these ingredients 
they must molecular size small enough allow 
diffusion into it. 

The mechanisms which energy liberated have been 
studied for years under the heading bacterial meta- 
bolism and the Unit has had little concern with this aspect 
the subject. Its chief interest has been the synthetic 
processes. 

Here have nitrogen-containing substances small 
molecular weight, even small ammonium salts, and 
inorganic substances containing the other essential elements. 
These are absorbed bacteria and few hours synthesized 
protein. This remarkable feat is, course, not achieved 
one step, but series steps, eacn achieved 
separate synthetic enzyme. 

Some bacteria have full battery these enzymes, that 
they can from NH, unassisted. Other 
bacteria have not, and this case cannot grow because the 
synthesis blocked the level the enzyme deficiency. 
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these bacteria that throw light nutrition, because 
can grow only when the missing component supplied 
them preformed nutrient. This the growth 
singled out particular bacterium, from all the other 
essential metabolites the synthetic chain, the fact 
that cannot synthesize it. 


Plans for Resumption the Unit’s Work 


The Medical Research Council now concerned with 
reconstructing the Unit continue this work and develop 
along such lines may possible. Necessarily, there 
must long period delay before results can flow. With 
the lapse time, normal dispersal personnel has taken 
place, Dr. Gladstone being the only survivor the 
original Unit assist reconstruction. Dr. Woods now 
organizing new group the University Oxford. 
Dr. remains the University Sheffield, and 
Dr. Hills stationed the Microbiological Research 
Department, Porton. Their places have been taken 
Dr. Rydon, Dr. Pollock and Dr. Herbert. 
The former premises the Middlesex Hospital, although 
little affected the War, are now too small, and arrange- 
ments have been made house the Unit the Lister 
Institute Preventive Medicine, where work will gradually 
develop the present austere conditions improve. 

The object the Council reconstructing the Unit may 
supposed the discovery fundamental knowledge 
the physiological reactions bacteria. Normally, work 
this sort would the concern universities rather than 
Government Department charged with research for the 
alleviation the sick, but Britain bacteriology has always 
been bound with medicine that the universities have 
made little provision for it. The has long recognized 
that the application research the needs man requires 
capital, and that this capital the knowledge collected 
those who work without any obligation achieve utilitarian 
ends. They have thus taken over the duty universities, 
have least their example and assistance universities 
started movement which will provide material suitable for 
exploitation. 
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MICROBIAL RESISTANCE 
CHEMOTHERAPEUTIC DRUGS 


SELBIE, M.A., Ph.D. 
Bland-Sutton Institute Pathology, Middlesex Hospital, London 


Micro-organisms vary widely their natural susceptibility 
chemotherapeutic drugs, and this particularly true 
different species bacteria, well shown the relative 
insensitivity the gram-negative bacilli many these 
agents. Natural variations sensitivity are also common 
within the same thus, 157 strains Staphylo- 
coccus aureus isolated from clinical infections were 
least times more resistant penicillin than the average 


‘staphylococcal strain (Selbie, Simon 1945). 


Such differences natural susceptibility, not only peni- 
cillin but also the sulphonamides and other drugs, are 
encountered many types pathogenic micro-organisms 
and present problem considerable importance chemo- 
therapy. Naturally-occurring drug-resistant strains micro- 
organisms, however, are usually unsuitable for investigation 
because their past history usually unknown, and our 
knowledge drug-resistance has therefore been derived 
mainly from the study micro-organisms that have become 
resistant during the course test-tube experiments during 
the treatment experimental clinical infections. 

The experimental method used developing resistance 
drugs and other toxic substances has general consisted 
exposing the micro-organism increasing concentrations 


TABLE EXAMPLES MICROBIAL RESISTANCE 
DRUGS 


Drug Organism Reference 


Optoquine 


Kaufmann, 
1912; Lewy, 1925 


Pneumococcus 


Lysozyme lysodeikticus Fleming Allison, 1927 


Acriflavine 
violet 


Staphylococcus Burke, Ulrich 
1928 


Propamidine Staphylococcus Selbie, 1943 


Quindoline 
Philips Barnes, 1942 


Gramicidin taphylococcus 


Tyrothricin Staphylococcus Rammelkamp, 1942 


Streptomycin Gonococcus Miller Bohnhoff, 1946 


Streptomycin Meningococcus Miller Bohnhoff, 1946 
Margulies, Gonder, 
Singer, 


1934 


Arsenic Sp. recurrentis 


Margulies, Gonder, 


Fischl Singer, 1934 


Arsenic Sp. gallinarum 


Sold Sp. recurrentis 


the substance serial subcultures, passage animals 
which are treated successive passages with increasing doses 
chemotherapeutic agent. The first experiments this 
kind were done Ehrlich and his colleagues their studies 
the development resistance dyes and arsenical drugs 
trypanosomes, and recent years this method has been 
extensively used the study bacterial resistance the 
sulphonamides and penicillin. This method, however, has 
also been used with many other toxic substances, and 
Table shows some the many drug-resistant micro- 
organisms that have been developed this way. Yeast has 
also been made resistant pyrithiamine (Woolley White, 
1943), and tissue-cultures metazoan cells have acquired 
increased tolerance copper sulphate and sodium arsenite 
(Wilson, 1922) and sulphonamides (Jacoby, Medawar 
Willmer, 1941). 

would thus appear that the ability acquire tolerance 
toxic substances common biological property living 
cells and that the mechanism underlying the development 
resistance probably unspecific, particularly view the 
multiplicity agents which resistance can acquired. 


Drug-resistance Trypanosomes 


The development drug-resistance was first observed 
mice infected with brucei Browning, Franke 
and Roehl (Ehrlich, 1907; Browning, 1907), who found 
that the trypanosomes which appeared the blood 
relapses after treatment with parafuchsin required more and 
more the dye ensure disappearance after successive 
relapses, until safe doses the dye were longer effective. 
was soon found that trypanosomes resistance could 
developed other toxic substances, and that resistance could 
increased transferring the resistant relapse strains 
other mice which were then treated with increased doses 
the appropriate drug. Trypanosomes made resistant 
drugs this way were later shown vitro tests survive 
higher concentrations the appropriate drugs the 
parent sensitive strains (Mesnil Brimont, Ehrlich, 
1909a Neven, 1909) and could thus differentiated from 
trypanosomes that were resistant treatment having 
become tolerant specific antibodies, type acquired 
resistance that was demonstrated 
Ehrlich (1909b) and Levaditi (1910). 

Drug-resistance trypanosomes can also demon- 
strated their reduced affinity dyes and other com- 
pounds. Trypanosomes resistant particular dye remain 
colourless when placed solutions the dye and allied 
compounds, whereas the normal parent strain trypano- 
somes becomes deeply stained. Similarly, arsenic-resistant 
trypanosomes have been shown Levaditi (1909) 
collaboration with McIntosh and Yorke, Murgatroyd 
Hawking (1931) fix less arsenic than normal trypanosomes. 
Resistance aromatic arsenical drugs trypanosomes 
also accompanied resistance and diminished affinity 
acridine, oxazine and other dyes (Ehrlich, 1909b Gonder, 
1912a), that would appear that resistance directed 
not against but against the side-chains the 
phenyl radical. Drug-resistance ‘in trypanosomes would 
therefore seem due failure the primary fixation 
the drug, and not interference with the final toxic 
action the drug some essential substrate. 

Another change that has been noted trypanosomes 
during the development resistance acridine and oxazine 
dyes disappearance the parabasal body blepharo- 
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Roudsky, 1911). There has been considerable discussion 
the meaning this structural change, but would certainly 
appear signify that there has been variation mutation 
during the development resistance. Evidence that 
resistance can arise from natural variation also afforded 
the sudden appearance arsenic-resistance trypano- 
somes during passage normal animals (Morgenroth, 1924 
Browning, recent and well-documented report 
Eagle Magnuson (1944) strain trypanosomes that 
spontaneously acquired arsenic-resistance particular 
interest, because this strain displayed the same characters 
reduced affinity drugs and chemical are 
shown experimental arsenic-resistant strains. would 
therefore appear probable that the mechanism underlying 
the development drug-resistance trypanosomes that 
progressive selection spontaneous variants, the drug 
allowing the survival only the more resistant variants. 
Further discussion this problem and the question 
the specificity drug-resistance found the com- 
munications Browning (1931), King Strangeways (1942) 
and Eagle Magnuson (1944). 


Resistance Sulphonamides 


The development resistance sulphonamides was first 
reported Maclean, Rogers Fleming (1939), who found 
increase resistance pneumococci from patients under- 
going treatment with sulphapyridine. Since then there have 
been numerous reports increased resistance sulphona- 
mides during the treatment clinical infections and, but for 
the advent penicillin, sulphonamide-resistance gonorr- 
hoea would have become problem grave epidemiological 
importance. Among the first studies the development 
resistance sulphonamides experimental methods were 
those MacLeod Daddi (1939) pneumococci, 
Chandler Janeway (1939) streptococci and Green 
(1940) Br. abortus. Sulphonamide-resistance has since 
then been developed experimentally many other types 
bacteria, including staphylococci, Neisseriae, Corynebacteria, 
Haemophili, organisms the coli-typhoid group, and even 
one the larger viruses, that lymphogranuloma 
venereum (Jones, Rake Stearns, 1945). Sulphonamide- 
natural acquired. 

MacLeod (1939) has reported that the vitro development 
resistance pneumococci associated with loss the 
power dehydrogenate glycerol, lactate and pyruvate and 
with the production less hydrogen peroxide. Kohn 
Harris (1942) have observed that sulphonamide-resistant 
bacteria are more exacting their nutritional requirements, 
while Sevag Green (1944) have associated sulphonamide- 
resistance with alteration glucose metabolism. the 
other hand, Wyss, Strandskov Schmelkes (1942) have 
shown that the vitro development sulphanilamide- 
resistance Bact. coli did not reduce the susceptibility 
respiration the resting cells inhibition sulphanilamide. 

greater interest, however, the finding that some 
bacteria the development resistance accompanied 
increased production substances that inhibit the anti- 
bacterial action the sulphonamides. This 
observed the American worker, MacLeod (1940), 
pneumococci that had acquired resistance sulphapyridine 
vitro, and was confirmed Tillett, Cambier Harris 
(1943) with MacLeod’s cultures, but not with two sulphona- 
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mide-resistant strains pneumococci from clinical cases. 
similar finding was made 
abortus Green (1940), and Green Bielschowsky 
(1942) were able identify part the sulphanilamide- 
inhibitor produced resistant Br. abortus with p-amino- 
benzoic acid, following Woods’ (1940) demonstration the 
anti-sulphonamide properties this substance and his 
suggestion that sulphonamide-resistance bacteria might 
due increased production p-aminobenzoic acid. 
Further evidence this mechanism resistance 
staphylococci has been provided Landy, Larkum, Oswak 
Streightoff (1943) who, using microbiological test fo: 
p-aminobenzoic acid with Acetobacter suboxydans (which 
requires this substance for normal growth), have found that 
staphylococci which have developed resistance sulpha- 
thiazole produce more p-aminobenzoic acid than the parent- 
sensitive cultures. This property 
staphylococci has been confirmed Spink, Wright, Vivino 
Skeggs (1944), and Housewright Koser (1944), who 
find that the production p-aminobenzoic acid increase: 
pari passu with the development sulphonamide-resistance. 
Similar findings have been made cultures 
rendered resistant sulphonamide Stokinger Charles 
(1942) who, however, are the opinion that the increased 
production p-aminobenzoic acid does not account for the 
sulphonamide-resistance because the addition azochlora- 
mide, which inhibits p-aminobenzoic acid, fails 
the resistance the gonococcal cultures sulphonamides. 
Landy Gerstung (1944) have also measured the 
p-aminobenzoic acid gonococci isolated from 17: 
patients subsequently treated with sulphathiazole, and have 
found that general greater amounts are synthesized 
strains from patients that are resistant treatment. 
Increased production p-aminobenzoic acid is, however, 
far from constant finding sulphonamide-resistant bacteria. 
Among the findings negative this respect are those 
Selbie (1943) with streptococci, Tillett, Cambie: 
Harris (1943) with pneumococci, Landy, Larkum, 
Streightoff (1943) with Bact. coli, Vibrio cholerae, Sh. dysen- 
teriae and pneumococci, and Housewright Koser (1944 
with Sh. paradysenteriae and pneumococci. would thus 
appear that only some bacteria that sulphonamide- 
resistance can ascribed increased production 
p-aminobenzoic acid, which counteracts the interference 
sulphonamides with the metabolism this 
(Woods, 1940). other bacteria, possible that anothe 
type sulphonamide-inhibitor produced which cannot 
present detected, that their metabolism 
that the use p-aminobenzoic acid can dispensed with. 
good example different mechanisms being 
the development resistance has been given 
finds that resistance the toxic substance 
pantoyltaurine diphtheriae depends the ability 
this organism synthesize pantothenate, which specific 
inhibitor pantoyltaurine much the same way 
whereas pantoyltaurine-resistant streptococci differ from 
their parent-sensitive strains possessing metabolic pro- 
cesses which are alternative those involving 
and are susceptible inhibition salicylate. The mechanism 
sulphonamide-resistance some bacteria may also prove 
less specific nature, such lessened permeability, 
and thus sense comparable the mechanism 
drug-resistance trypanosomes, where resistance directed 
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against the access the drug rather than against its specific 
toxic action the sensitive substrate. 

There have been conflicting reports the effect the 
development sulphonamide-resistance the virulence 
bacteria experimental animals. MacLeod Daddi (1939) 
have found change virulence pneumococci 
streptococci rendered resistant sulphonamide the 
vitro method. Horsfall (1942), however, has observed 
considerable reduction virulence pneumococci after 
the vitre development resistance sulphathiazole. 
This has also been the experience Schmidt, Sesler 
Dettwiler (1942) sulphonamide-resistance experiments with 
pneumococci, using the vitro method, but the same strains 
pneumococci have shown appreciable loss virulence 
after the induction resistance passage through treated 
mice. Spink, Hall Ferris (1945) also find that staphylococci 
retain their virulence after having acquired resistance 
sulphonamides both the vitro and vivo methods. 
The available evidence thus indicates that the vitro method 
developing resistance may lead loss virulence, 
whereas the vivo method has apparently little effect. 


Penicillin-resistance 


Acquired resistance penicillin was first observed 
Abraham, Chain, Fletcher, Florey, Gardner, Heatley 
Jennings (1941), who induced penicillin-resistance staphylo- 
cocci the vitro method. Other workers have induced 
penicillin-resistance vitro and vivo methods 
staphylococci, and also pneumococci, streptococci, 
meningococci and gonococci. Increased bacterial resistance 
penicillin has also been observed during the treatment 
clinical cases with penicillin, especially staphylococcal 
infections, but the increases resistance that have far 
been encountered not appear have interfered with the 
efficacy treatment, provided that the dosage penicillin 
resistance that has been developed cultural methods has 
proved reversible the hands Todd, Turner Drew 
(1945) with staphylococci and streptococci, but not pneumo- 
cocci, and this finding has been confirmed the case 
staphylococci Spink, Hall Ferris (1945). 
resistance penicillin, however, has not far been observed 
bacteria that are naturally resistant have acquired 
resistance patients animals undergoing treatment with 
penicillin. 

Some the modifications that have been found associa- 
tion with the development resistance penicillin are 
increase size staphylococci (Smith Hay, 1942) and 
reduction growth-rate and enzymic activity staphylo- 
cocci (Abraham al., 1941) and pneumococci (McKee 
Houck, 1943). greater importance, however, 
evidence that resistance may related the production 
penicillinase, the penicillin-destroying enzyme first isolated 
from gram-negative bacilli Abraham Chain (1940). 
Rake, McKee, Hamre Houck (1944) were unable detect 
the production penicillinase staphylococci that had 
been made resistant penicillin, and this has also been the 
experience Spink, Hall Ferris (1945) and Bondi Dietz 
(1946). staphylococci isolated from clinical infections, 
however, Kirby (1944), Bondi Dietz (1945) and Gots (1945) 
have shown that penicillin-resistant strains almost invariably 
produce considerable amounts penicillinase. That 
resistance many these strains staphylococci due 
production penicillinase has been demonstrated 
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Luria (1946), who finds that, when tested vitro with small 
inocula, they are fully sensitive penicillin, their growth 
being inhibited before sufficient penicillinase produced 
destroy the penicillin. There are organisms, however, which 
are normally highly resistant penicillin and are apparently 
unable produce penicillinase, such Bact. typhosum 
and certain organisms the salmonella group (Bondi 
Dietz, 1944). would thus appear that, although the 
production penicillinase may account for the natural 
resistance penicillin some organisms, does not 
necessarily follow that the inability produce penicillinase 
implies sensitivity, that the development resistance 
experimental methods associated with the increased 
production penicillinase. 

The effect the development resistance penicillin 
the virulence bacteria seems depend largely the 
method used for inducing resistance, has already been 
mentioned regarding sulphonamide-resistance. McKee 
Houck (1943) have found that streptococci and pneumococci 
are greatly reduced virulence mice after being made 
resistant penicillin the cultural method and that 
virulence cannot restored passage through mice. 
similar experiments with strains meningococci, Miller 
Bohnhoff (1945) have also observed considerable and 
irreversible falls virulence mice during the vitro 
development resistance. the other hand, there has 
been decrease virulence mice pneumococci 
staphylococci that have been made resistant penicillin 
passage through treated mice (Schmidt Sesler, 1943 
Rake, McKee, Hamre Houck, 1944). 

This difference the effect virulence between the 
vitro and vivo methods inducing resistance penicillin 
and the sulphonamides expected when consideration 
taken the environmental conditions. The virulence 
bacteria tends fall with repeated sub-culture, particularly 
when the medium unfavourable the case here, where 
sub-effective concentrations bacteriostatic agent are used 
for the induction resistance. the other hand, the 
passage bacteria through animals tends maintain 
increase virulence that, the vivo method, resistance 
developed only organisms that are adapted survival 
the host tissues. The influence this factor well shown 
the experiments Rake, McKee, Hamre Houck (1944), 
where strain staphylococci, rendered resistant treat- 
ment passage through penicillin-treated mice, was, 
however, fully sensitive the action penicillin vitro, 
and must therefore have been resistant treatment having 
adapted itself the antibacterial action the tissues the 
mouse. .In this respect the situation regarding the vivo 
development resistance bacteria treatment with 
chemotherapeutic agents similar that afforded the 
has already been mentioned, has long been recognized 
complicating factor the assessment drug-resistance 
(Browning, 1931). 


Cross-resistance 


has been stated that, when organism resistant 
one sulphonamide, correspondingly resistant all other 
sulphonamides. now recognized that, although there 
may some cross-resistance within the sulphonamide group, 
not quantitatively complete (Kirby Rantz, 1943), and 
Colebrook (1943) has shown that, strains streptococci 
resistant sulphonamide, only one was resistant three 
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other sulphonamides and six were fully sensitive sulpha- 
thiazole. This lack complete cross-resistance within the 
sulphonamides expected one assumes, has been 
suggested here, that the mechanism sulphonamide- 
resistance may vary from one organism another. 

has been agreed many workers that organism that 
has acquired resistance one drug, such penicillin one 
the sulphonamides, still retains its sensitivity other 
unrelated drugs. Selbie (1943), however, 
showed that staphylococci made resistant 
(2:8-diaminoacridine), the unrelated drug propami- 
dine, were resistant both compounds, while proflavine- 
resistant cultures had acquired increased resistance the 
The two latter compounds also differed 
from proflavine, that resistance them could not 
developed staphylococci. Albert, Rubbo, Goldacre, 
Davey Stone (1945) have suggested that these differences 
may only measure the facility the resistant organisms 
destroy drug oxidation deamination, and that 
would therefore impossible develop resistance such 
highly stable substance any case, 
apparent from the close relationship between resistance 
proflavine and propamidine that resistance directed 
against the side-chains much the same way has already 
been mentioned regarding the resistance dyes arsenic- 
resistant trypanosomes. Selbie also found that 
two cultures staphylococci that were made resistant 
methochloride differed, that one was also 
highly resistant propamidine whereas the second showed 
such cross-resistance. This finding again shows that 
organisms may develop resistance the same drug 
different ways. 


Mechanism Development Resistance 


The process involved the development drug-resistance 
does not appear one selection from resistant organisms 
already present the parent culture, because the organisms 
the final resistant culture are more resistant the drug 
than any single member the original culture (McIntosh 
Selbie, 1943). process must therefore involve 
adaptation the organism the presence the drug that 
becomes less sensitive. The adaptation the organism, 
however, does not appear specific response the 
drug, because organisms made resistant the same drug 
can differ their mechanism resistance and other 
properties. Such differences are found the produc- 
tion p-aminobenzoic acid penicillinase sulphonamide- 
penicillin-resistant bacteria, and the effects the 
development resistance virulence. 

The mechanism underlying the development resistance 
would therefore appear unspecific nature, and 
probably aspect the capacity for spontaneous variation 
mutation which property common all micro- 
organisms. Evidence support this view 
adduced Demerec (1945), who finds that the development 
the mutation-rate. Further supporting evidence given 
Carpenter, Bahn, Ackerman Stokinger (1945) their 
vitro experiments the induction resistance strains 
gonococci with single drugs and mixtures drugs. When 
single drugs were used, the average increases resistance 
that were obtained with sulphathiazole, rivanol lactate, 


promin and penicillin were 700-, 80-, and 182-fold 
tively, but when resistance was induced mixture the 
first three drugs, there was only 8-fold increase resistance 
each the three drugs, and when all four were used there 
was increase resistance any the four drugs. the 
other hand, resistance more than one drug can elicited 
organism with ease, provided that the drugs are 
presented successively (McIntosh Selbie, 1943). 

These results are consistent with the view that the develop- 
ment resistance depends ultimately spontaneous 
variation, because the chance the appearance successful 
variant would progressively lessened the number 
factors required simultaneously for success was increased, 
the requisite factors here being resistance different drugs. 
The role the drug the development resistance would 
then eliminate the more sensitive organisms, and allow 
the survival only the more resistant variants, and would 
thus sense similar to: part played lactose 
providing preferential medium for the encouragement the 


growth the spontaneous lactose-fermenting variants 


Bact. coli-mutabile (Lewis, process the develop- 
ment drug-resistance could thus described pro- 
gressive selection spontaneous variants which have 
increased resistance the drug. 


Resistance Clinical Infections 


remarkable that, spite the widespread use 
the sulphonamides and penicillin, there are relatively few 
instances which organisms have been proved have 
developed drug-resistance during the treatment clinical 
infections. Furthermore, the development resistance has 
been observed mainly pneumococcal and staphylococcal 
infections, and rarely, ever, streptococcal infections. 
would thus appear that some organisms are more prone 
than others develop resistance clinical infections, but 
may that tne determining factor the nature the 
lesion. Thus, the relative avascularity staphylococcal 
lesions would prevent the access bacteriostatic concen- 
tration the drug the infecting organism, and would thus 
provide the conditions necessary for the development 
resistance (Hudson, Meanock, Selbie, 1946). 
the case streptomycin, however, the development 
bacterial resistance occurs readily during the treatment 
clinical infections (Buggs, Bronstein, Hirshfeld Pilling, 
1946), but this chemotherapeutic agent exceptional, that 
cultures bacteria can acquire resistance its action with 
extreme rapidity (Miller Bohnhoff, 1946). 

Increased resistance treatment clinical infections may 
due factors other than the development resistance 
the infecting organism. The original susceptible organism 
may eliminated and replaced less susceptible type. 
This has been found Siegel Karr (1945) occur during 
the prophylactic use epidemic 
pneumococcal infections children, and the suppression 
throat streptococci naval training schools Damrosch 
(1946). 

The remarkable increase the resistance gonococcal 
infections sulphonamide treatment may also due 
the gradual elimination the more sensitive strains, that 
only the more resistant strains are propagated. support 
this view the American observation that the anticipated 
war-time rise gonorrhoea has not occurred (Mahoney 
Van Slyke, 1945), that must presumed that the 
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sources infection have been greatly reduced sulphona- 
mide therapy. has also been observed Harkness (1944) 
and Mahoney Van Slyke (1945) that gonococcal infections 
may highly resistant sulphonamide treatment, although 
infecting organism fully sensitive the drug vitro, 
and has been found that the serum some these cases 


Abraham, Chain, (1940) Nature, Lond. 146, 837 

Abraham, P., Chain, Fletcher, M., Florey, 
Lancet, 177 

Stone, (1945) Brit. exp. Path. 26, 160 

Bondi, Dietz, (1944) Proc. Soc. exp. Biol., 
56, 135 

Bondi, Dietz, (1945) Proc. Soc. exp. Biol., 


Bondi, Dietz, (1946) Bact. 51, 125 

Browning, (1907) Brit. med. 1405 

Browning, (1931) In: Medical Research Council. 
London 

Buggs, W., Bronstein, B., Hirshfeld, Pilling, 
(1946) Amer. med. Ass. 130, 

43, 

(1945) Proc. Soc. exp. Biol., 60, 168 

Chandler, Janeway, (1939) Proc. Soc. exp. Biol., 
N.Y. 40, 179 

Colebrook, (1943) Lancet, 207 

Damrosch, (1946) Amer. med. Ass. 130, 124 

Demerec, (1945) Proc. nat. Acad. Sci., Wash. 30, 397 

Eagle, Magnuson, (1944) Pharmacol. 82, 137 

Ehrlich, (1907) Berl. klin. Wschr. 44, 133 341 

Ehrlich, (1909a) Arch. Schiffs- Tropenhyg. 13, 


Ehrlich, (1909b) Miinch. med. Wschr. 56, 217 

Gonder, (1912a) 15, 257 

Gonder, (1912b) Bakt. Abt. Orig. 62, 168 

Gots, (1945) Proc. Soc. exp. Biol., 60, 165 

Green, (1940) Brir. exp. Path. 21, 


Green, Bielschowsky, (1942) Brit. exp. Path. 


23, 

Harkness, (1943) Lancet, 116 

Harkness, (1944) ven. Dis. 20, 

Horsfall, (1942) clin. Invest. 21, 647 

75, 113 

Hudson, V., Meanock, I., McIntosh, Selbie, 
(1946) Lancet, 409 

med. 149 

Jones, H., Rake, Stearns, (1945) infect. Dis. 76, 

King, Strangeways, (1942) Ann. trop. Med. Parasit. 
36, 

Kirby, (1944) Science, 99, 452 

Kohn, Harris, (1942) Bact. 44, 717 

Kudicke, (1911) Zb/. Bakt. Abt. Orig. 59, 182 

Landy, Gerstung, (1944) Bact. 47, 448 
Landy, M., Larkum, W., Oswaid, Streightoff, 

(1943) Science, 97, 265 


MICROBIAL RESISTANCE CHEMOTHERAPEUTIC DRUGS 


contains substance that counteracts the action sulphona- 
mides vitro (Harkness, 1943). 


Selbie 


thus evident that the assessment the development 


resistance treatment clinical infections there are 
other factors considered before can 
that the infecting organism has acquired drug-resistance. 


Laveran, Roudsky, (1911) Acad. Sci., Paris, 
153, 916 
Levaditi, (1909) Ann. Inst. Pasteur, 23, 604 
Levaditi, (1910) Bull. Soc. Path. 368 
Lewis, (1934) Bacr. 28, 619 
Lewy, (1925) 43, 196 243 
Luria, (1946) Proc. Soc. exp. Biol., 61, 
Mcllwain, (1943) exp. Path. 24, 203 
McKee, Houck, (1943) Proc. Soc. Biol., 
N.Y. $3, 
Maclean, H., Rogers, Fleming, (1939) Lancet, 
562 
MacLeod, (1939) Proc. Soc. exp. Biol., N.Y. 41, 215 
MacLeod, (1940) exp. Med. 72, 217 
MacLeod, Daddi, (1939) Proc. Soc. exp. Biol., 
N.Y. 41, 
Margulies, (1910) Drsch. med. Wschr. 36, 1907 
Mesnil, Brimont, (1908) Inst. Pasteur, 22, 856 
Miller, Bohnhoff, (1945) Proc. Soc. exp. Biol., 
N.Y. 60, 354 
Miller, Bohnhoff, (1946) Amer. med. Ass. 130, 485 
Morgenroth, (1924) Bakt. Abt. Orig. 93, 
15, 610 
Neven, (1909) Ueber die Wirkungsweise der Arzneimittel 
bei Trypanosomiasis. Giessen 
Philips, Barnes, (1942) Franklin Inst. 233, 396 
Rake, G., McKee, M., Hamre, Houck, 
(1944) Immunol. 48, 271 
Rammelkamp, (1942) Proc. Soc. exp. Biol., 49, 346 
Schmidt, Sesler, (1943) Proc. Soc. exp. Biol., 
N.Y. 
Pharmacol. 74, 175 
Selbie, R., Simon, McIntosh, (1945) Path. Bact. 


Sevag, Green, (1944) Bact. 48, 623 

Siegel, Karr, (1945) Amer. Hyg. 42, 214 

Smith, Hay, (1942) Franklin Inst. 233, 598 

Spink, W., Hall, Ferris, (1945) Amer. med. 
Ass. 128, 555 

(1944) exp. Med. 79, 331 

Stokinger, Charles, (1942) Bact. 44, 261 

Invest. 22, 249 


Werbitzki, (1910) Abt. Orig. 53, 303 

Wilson, (1922) Johns Hopk. Hosp. Bull. 33, 375 

Woods, (1940) Brit. exp. Path. 21, 

Woolley, White, (1943) exp. Med. 78, 489 

Wyss, O., Strandskov, Schmelkes, (1942) 
Science, 96, 236 

Yorke, W., Murgatroyd, Hawking, (1931) 

Med. Parasit. 25, 351 


Ba 
L 
274 
{ 


CHEMOTHERAPY RICKETTSIAL AND VIRUS Andrewes Harold King 


CHEMOTHERAPY RICKETTSIAL 
AND VIRUS DISEASES 


HAROLD KING, D.Sc., F.R.S. 


National Institute for Medical Research 


The essential nature the smaller viruses much disputed 
the larger ones are generally agreed closely related 
bacteria. They behave obligate intracellular parasites 
animals, higher plants bacteria, and have not yet been 
cultivated outside the living cells their host. They seem 
have virtually active metabolism when outside their 
host cell what happens inside hard determine. Though 
smaller than most bacteria, viruses cannot defined solely 
basis size filterability, for the largest are larger 
than the smallest bacteria. Between the main body the 
viruses and the bacteria lie two fairly distinct groups, the 
rickettsiae and the viruses the psittacosis group (Andrewes, 
1944). The rickettsiae are conventionally excluded from the 
true they are arthropod-transmitted, often rod- 
shaped, and show, many them, antigenic cross-reactions 
with proteus bacilli; but, like the viruses, they are intra- 
cellular parasites and have not been grown lifeless media. 
Biologically not far removed from them the psittacosis- 
group, whose members are commonly included the 
viruses they are the largest the viruses, 300 
diameter, are some extent antigenically related each 
other, seem have definite life-cycle within the cytoplasm 
animal cells and are, many them, unlike other viruses, 
susceptible the therapeutic action sulphonamides, 


Constitution Viruses 


For reasoned approach the chemotherapy virus 
diseases knowledge the constitution viruses essential. 
There general agreement the relative diameters 
viruses these lie between and 300 mz. also known 
that the shape many viruses very approximately spherical 
ellipsoidal. There are great difficulties obtaining such 
small particles state purity, with the result that, 
although their chemical composition approximates that 
cells and bacteria, there dearth exact knowledge 
this More known the chemical make-up 
the viruses vaccinia (Hoagland, Ward, Smadel 
Rivers, 1942), influenza (Taylor, 1944), poliomyelitis (Gard, 
1943; Loring Schwerdt, 1942) and equine encephalo- 
myelitis (Taylor, Sharp, Beard Beard, 1943) than 
the others, but each these animal viruses may described 
lipoid nucleoprotein complex. the other hahd, 
according Janssen (1941) the virus foot-and-mouth 
disease entirely protein. The plant viruses are, 
far known, exclusively Though most 
the known animal viruses contain lipoids integral 
portions their structure, that rabbit papilloma 
believed consist wholly nucleoprotein (Beard, Bryan 
Wyckoff, Taylor, Beard, Sharp Beard, 1942). The 
nucleic acids the plant viruses are ribonucleic acid 


type, whereas those animal viruses are either ribo- 
nucleic acid desoxyribonucleic acid type. The presence 
nucleic acid implies the presence bound carbohydrate, 
but influenza virus the carbohydrate content greater 
than can accounted for combination desoxyribo- 
nucleic acid (Taylor, has also been found that the 
lipoids connected with viruses may include fats, phospho- 
lipids and cholesterol. 

Vaccinia virus has phosphatase, catalase and lipase closely 
associated with it, but dehydrogenases (Macfarlane 
Salaman, 1938 Hoagland al., 1942), and itself attacked 
papain but not trypsin, chymotrypsin, ribonuclease 
carboxypeptidase (Hoagland, Lavin, Smadel Rivers, 1940). 
the other hand, staphylococcal phage attacked 
chymotrypsin, but not trypsin pepsin (Northrop, 
1938, 1939). Vaccinia has also been found contain copper, 
and the fluorescence vaccinia ultra-violet rays led the 
amount comparable with that animal cells and scme 
bacteria (Hoagland, Ward, Smadel Rivers, 1941). 
there evidence for the growth metabolism any 
virus artificial media, the function the constituents 
viruses not capable direct investigation. 


Chemotherapeutic Approach Virus Diseases 


viruses consist largely lipoid-nucleoprotein complex 
they should vulnerable attack. known that their 
activity destroyed vitro many bacterial disinfectants 
and detergents, the latter probably bringing about the 
disintegration the liponucleoproteins setting free the 
lipoids, nucleic acids and proteins. The protein part also 
amenable attack denaturants such urea, guanidine, 
propylene glycol and potassium salicylate. Such methods 
approach chemotherapy virus diseases are however 
excluded reason the intracellular habitat viruses. 
The whole difficulty attacking agents such viruses and 
rickettsiae with drugs lies the facts that their sphere 
activity within the cell even within the nucleus, and that 
their metabolism very closely linked with that the cell. 
Similar difficulties probably explain why serotherapy 
ineffective virus diseases. 

not know, however, whether virus may not 
times multiply within limited number cells, destroy them 
and, being liberated the process, invade more 
cells and destroy them turn. this happens, there 
least possibility sometimes catching the virus the open 
and destroying with viricidal drug. possibly some 
such way that measles antiserum, given during the incubation 
period the disease, may suppress modify its attack. 
stimulation the normal defence-mechanisms the body 
against viruses, were possible, might value 
extracellular stage the infection. might also possible 
deny access the virus the cell chemical modification 
the surface. 

The main problem the chemotherapy virus diseases 
is, however, attack the viruses their cellular environ- 
ment. This could direct attack the virus itself, 
attack the sequence processes involved its 
cation. the latter aspect that the greatest scope for 
interference lies. The problem is, however, one the 
greatest difficulty, for the virus, having gained entry into 
the cell, where dynamic conditions prevail, apparently 
mobilizes the anabolic processes the cell for its own repro- 
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duction, and any selective disruption this reproductive 
mechanism without the same time harming the host-cell 
presents formidable task. 

What, therefore, are the possibilities interfering with the 
reproduction the virus its intracellular habitat (Mudd, 
1945)? The use enzymes for bringing about the disin- 
tegration the virus lytic action any link its 
structure excluded such environment. 
the use the usual laboratory lytic agents out the 
question. fact, the only approach seems attack 
the nascent There are possibilities here. 
the Woods-Fildes hypothesis should possible inhibit 
specifically the essential metabolites necessary for reproducing 
the virus structure presenting the cell 
stances foreign the cell but bearing resemblance the 
essential metabolites. this connexion McKinstry 
Reading (1944) have examined the effect large number 
synthetic pyrimidines the course experimental 
poliomyelitis virus mice, the hope that compounds 
this type might compete with the normal pyrimidine com- 
ponents the virus for the synthetically-active enzyme 
systems. unequivocal success could recorded. The 
successful use derivatives sulphanilamide for combating 
infections with some members the psittacosis group 
viruses is, however, excellent example this principle 
interference. Presumably p-aminobenzoic acid necessary 
for the reproduction this group viruses, and com- 
petitively inhibited sulphanilamide its derivatives. 

Another possibility interference present the cell 
substances foreign it, the hope that they may built 
irreversibly into the structure the virus with the produc- 
tion something abnormal, fact, non-selfreproducing 
unit. That foreign substances can built instanced 
the fact that wheat and corn grown seleniferous soils 
produce proteins containing selenium bound form 
resembling the amino-acid cystine (Painter Franke, 1935). 
Andrewes, King Walker (1946a) have suggested that one 
interpretation their finding that p-sulphonamidobenzami- 
dine and p-sulphonamidobenzamidoxime have therapeutic 
effect experimental infection typhus mice, would 
suppose that these amidines and amidoximes enter the 
cell and are built up, whilst nucleic acid synthesis active, 
into some essential vital structure the this 
might well through the amidine amidoxime group, 
group whose elements occur once every pyrimidine and 
twice every purine. 

Another avenue approach not covered the fore- 
going, would the discovery chemical agents which 
would combine with the substances essential for virus repro- 
duction, with the enzymes which control the synthetic 
processes. the latter connexion, many enzymes concerned 
growth contain sulphydryl groups, and might possible 
block their activity selectively claims have achieved 
this experimental poliomyelitis mice with neoarsphena- 
mine and other arsenicals are made McKinstry Reading 
recent results Fitzgerald and his colleagues 
(Fitzgerald Babbitt, 1946; Fitzgerald Lee, 1946) are 
phosphine GRN were capable inhibiting the repro- 
duction coli-bacteriophage concentrations below the 
bacteriostatic end-point. The anti-viral action was 
counteracted ribonucleic acid, and the suggestion 
made that the acridines inhibit the process involved virus 
multiplication competing for some substance related 
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nucleic acid. The strongly-ac.dic phosphoric acid groups 
are salient features nucleic acids and certain co-enzymes, 
and probable that they are the primary points attach- 
ment acridines and merit further experimental study 
vis-a-vis other types bases with substantive character. 

Another approach the whole problem may come 
through interference which is, any 
rate superficially, quite different nature. Many examples 
are now known which infection host with one virus 
may suppress the activity second virus added together 
with, even before, the virus (Andrewes, 
1944). Delbriick Luria (1942) fourd that bacterial virus 
(bacteriophage) inactivated ultra-violet radiation could 
thus block the activity living virus. Similar results were 
obtained Henle Henle (1943, 1944) and Ziegler 
Horsfall (1944) for influenza, and Andrewes Elford 
(1946) for ectromelia virus. the interfering principle, 
which seems reside the killed virus particles, could 
isolated, chemically identified and perhaps imitated, new 
chemotherapeutic possibilities would opened up. might, 
however, that interfering agent was thus obtained, not 
very different its actions from those visualized 
earlier paragraph. 


Results Chemotherapeutic Trials 


Rickettsiae. Though passing mention has been made 
several them, more detailed attention must now given 
such few successes chemotherapy has already had the 
fieid rickettsiae and viruses. Activity against experimental 
typhus mice has been found the last few years com- 
pounds several unrelated groups chemical substances. 
While the sulphonamides the usual clinical sense seemed 
more harm than good, p-sulphonamidobenzamidine 
and the corresponding amidoxime were found active 
(Andrewes, King, van den Ende Walker, 
related compounds had lesser degrees activity, but very 
little modification the molecule was needed abolish 
activity altogether. 

The drugs had vitro action the rickettsiae possible 
mechanisms for their vivo action are discussed Andrewes, 
King Walker (1946a). Their action was not inhibited 
p-aminobenzoic This latter substance has itself been 
claimed have value against typhus both 
man and mice (Yeomans, Snyder, Murray, Zarafonetis 
Ecke, 1944). Activity against infection mice has also been 
found methylene-blue (Kikuth Schilling, 1944), 
toluidine-blue and (Peterson, 1944), several 
dyes related methylene-blue (Andrewes, King Walker, 
1946b) and penicillin (Moragues, Pinkerton Greiff, 1944). 

The dyes, unlike the compounds mentioned earlier, had 
direct inactivating action the rickettsiae, demonstrable 
vitro. Activity toluidine- and methylene-blue and 
p-aminobenzoic acid has been shown against other rickettsial 
infections, those rocky mountain spotted fever, and 
scrub typhus (Hamilton, 1945; Murray, Zarafonetis 
Snyder, Anigstein Bader, 1945). these findings 
are present interest rather the student the theoretical 
aspects the subject than the practising clinician. 

Psittacosis group. There general agreement that 
number viruses this group are susceptible chemo- 
therapeutic attack with sulphonamides penicillin. Those 
lymphogranuloma venereum and mouse-pneumonitis are 
readily attacked number drugs the sulphonamide 
group, though different authors place the various drugs 
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different order effectiveness (Findlay, 1940b Jones, Rake 
McKee, 1941; van den Ende Lush, 1943; Felton, 
Hebb Oliphant, 1943). The prevent death 
from lymphogranuloma mice, but rarely cause complete 
sterilization the infection. Most workers agree that they 
have vitro killing action and are inhibited p-amino- 
benzoic acid (MacCallum Findlay, 1938; Levaditi 
Perault, 1942 Rodaniche, Findlay, 1940a Mudrow 
Bock, 1943), but few workers have put forward contrary 
views these two points (Seeler, Graessle Dusenberg, 
1943 Holder, Levine Bullowa, 1942), Eaton Hanford 
(1945) report very different activity the part sulpha- 
merazine according the host (mouse, hamster chick 
embryo) which the drug was tested. Some viruses the 
group, when given intravenously high concentration, kill 
within hours so-called effect. Such toxic 
deaths were not sulphonamides (Rake 
Hamre, 1944). 

Other viruses this group, those psittacosis, meningo- 
pneumonitis, and feline pneumonitis, seem unaffected 
sulphonamides, but uncertain whether this will prove 
apply all strains, whether there are strain differer ces 
sensitivity these drugs such exist, for example, 
among streptococci. Trachoma and inclusion-conjunctivitis 
some part may played the action the drugs 
associated bacteria (Loe, Barrat, 1941). Heart-water 
cattle responds uleron (Neitz, 1940) 
though usually classed rickettsia (R. ruminantium), the 
agent this disease probably better placed with the group 
now under discussion. While not, but rarely (cf. Bedson, 
1943), affected sulphonamides, the psittacosis virus can 
attacked successfully with penicillin, least experi- 
mental infections (Heilman Herrell, 1944; Parker 
Diefendorf, Bedson May, 1945), though likely 
that the dosage required outside the limits practicable for 
man. Finally, Mauer (1938) has reported activity the 
part trypaflavin against psittacosis mice. 

Action sulphonamides other Claims have 
been made for activity the part various sulphonamides 
against influenza, lymphocytic choriomeningitis, dog 
distemper, measles and smallpox. These claims have failed 
confirmation the case influenza virus and chorio- 
meningitis infections. Activity dog distemper (Marcus 
Necheles, 1938; Bryan, 1941), measles (Hogarth, 1939 
Anderson, 1939) and smallpox (Patel Naidu, 1940; 
Cottrell Knight, 1943 Leishman, 1944) almost certainly 
due effect the secondarily-invading which 
are responsible for most the complications and mortality. 
Evidence action against the viruses themselves lacking. 
Remarkable potency sulphonamides against virus 
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Negative results trials have been reported numerous 
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claims have achieved success, few are based strong 
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activity mercurochrome against canary-pox (Manwell 
Goldstein, 1939 Coulston Manwell, 1941) and quinine 
against fowl-pox (Robbins, 1942). will made 
here review the numerous studies vitro action 
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made the work Fitzgerald al. (1946) similar 
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leads which are not without promise greatest encourage- 
ment the fact that the rickettsiae and some the larger 
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they are, like the smaller viruses, strict parasites, closely 
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life and growth. 
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some the word chemotherapy confined the use 
substances having systemic action, but its literal 
meaning should include the effective use these and other 
substances local application. Although the most notable 
advances the past decade have been the field systemic 
treatment, there has also been remarkable improvement 
the results obtained applying substances with anti- 
bacterial action the site infection itself. Indeed, 
only within the last six years—a period almost coinciding, 
not without reason, with the World War—that this kind 
treatment has been developed rational lines. This change 
has been due part the introduction new and more 
powerful antibacterial agents, but also the employment 
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both these and older remedies more intelligent 
way. These advances have been connected mainly with the 
treatment various kinds wound, but infections other 
parts the body, such the skin and various mucous 
membranes, have not been neglected. 


PRINCIPLES 
local chemotherapy succeed, certain conditions 
must fulfilled, and easy illustrate failure due lack 
their observance examples from the past. The chief 
these conditions are the following 


Adequate Antibacterial Action 


goes without saying that the substance employed should 
capable, least favourable circumstances, killing 
least preventing the growth the micro-organisms 
concerned. example frequently-used wound anti- 
septic almost devoid this power iodoform. 
particularly interesting that this was the only wound anti- 
septic applied the past the form powder. This 
method has recently been recognized having great 
advantages—provided, course, that the substance used 
has the necessary action—because ensures persistence 
effect. 

often necessary know the precise nature 
infection before deciding how attack it, because the 
susceptibility different micro-organisms the same agent 
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may vary greatly. Generally speaking, the better the agent 
the more selective its effect. Phenol weak germicide, 
but being simply general protoplasmic poison, acts more 
less equally all bacteria. Acridines and dyes general 
have highly selective action, exerted mainly against gram- 
bacteria. The acme selectivity reached 
penicillin, with unexampled action some bacterial 
species and less than none others. say less than none 
for two reasons some bacteria are not only unaffected 
penicillin but produce enzyme which destroys it; 
secondly, there some evidence that certain concentrations 
penicillin actually stimulate the growth bacteria 
resistant it. 


Efficacy Body Fluids and Tissues 


not enough that the agent used lethal bacteria 
the test-tube must retain this power the environment 
mucous secretion, blood, serous effusion pus. 
well recognized that many antiseptics fail this account 
magnificent performers water, they lose all activity 
wound. This due chemical combination with some 
constituent the medium, and best illustrated oxidizing 
agents such hydrogen peroxide and potassium perman- 
ganate, and the halogens. and chlorine are both 
rapidly inactivated body fluids; iodine, although 
excellent skin disinfectant, therefore not efficient wound 
antiseptic. 

The more modern local chemotherapeutic agents owe their 
success largely the fact that such obstacles not deter 
them. the first full description the properties peni- 
cillin (Abraham, Gardner, Chain, Heatley, Fletcher, Jennings 
Florey, experiments were described showing that 
its action bacteria was exerted equally broth, serum, 
blood and even pus. seems likely that streptomycin will 
not prove equally indifferent its environment Abraham 
Duthie (1946) have shown that its activity much diminished 
acid media. Since acid reaction often developed 
foci infection, the action streptomycin may hindered 
where most needed. 


The Use Suitable Vehicle 


This condition must inserted because preparations have 
been used from which the active substance not properly 
liberated. extreme example this the old practice 
dissolving phenol olive oil; the resulting product was 
popular because had none the caustic action watery 
solution the same strength. The explanation was simple 
there was caustic action because phenol escaped from 
the oil, and for the same reason effect bacteria can 
have been exerted. The same objection applies, although 
not completely, suspensions liquid paraffin and other 
mineral-oil these are generally less effective than 
watery solutions, although for some purposes they have 
other advantages. 

Penicillin frequently used the form ointment 
cream. important know that the base suitable. 
must neither destroy the penicillin, nor retain when the 
preparation contact with the tissues. Selbie, Simon 
(1945) have condemned form penicillin cream 
commonly used Great Britain for failure liberate 
penicillin freely others have found this preparation more 
satisfactory. 
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Adequate Distribution 


The agent used brought into contact with the 
whole the infected area. the treatment 
infections this presents difficulty treating deep wounds 
long sinuses, the difficulty may insuperable. 
impossible, least ordinary methods, disinfect deep 
penetrating wound which has traversed muscle and fascia. 
Many wounds due bullets and shell-fragments are this 
nature, and therefore not surprising that applications 
such wounds have often failed prevent sepsis. 


Adequate Persistence 


All the most effective agents for local chemotherapy ac: 
slowly bacteria. therefore necessary that they 
enabled act for least several hours and perhaps 
longer. This cannot often achieved the use 
solution, which was almost the only method used the past. 
Antiseptics have often been used perfunctory manne: 
that only magical powers could have enabled them have 
any effect. There has been certain ritual which surgeon: 
have been accustomed perform, not unlike the rite 
baptism, since the effect, any, can only have been super- 
natural. 

Two methods have largely superseded the use solutions. 
One the use semi-solid preparations, with which wound 
other cavity filled, after which covered with 
occlusive dressing. Propamidine has been used this 
the form jelly (Thrower Valentine, 1943). 
(1939) zinc peroxide paste similarly applied, and semi 
solid cream penicillin was successfully used Florey 
Williams (1944) for packing septic wounds the finger: 
and hand. Perhaps the more important innovation 
powder treatment. the agent applied solid form. 
and dissolves slowly the exudate, thus maintaining 
adequate concentration for some length time. The first 
substance used this way was iodoform, for the 
simple reason that almost completely insoluble water 
and hence could used other way. Modern and 
effective powder treatment dates from the introduction 
sulphonamides local applications, which followed severa 
years after their first use systemic 
agents. Penicillin and acridine compounds (usually proflavine 
have also been used powder form, sometimes undiluted. 
but more often diluted with sulphanilamide sulphathiazole 

The rate solution agent used this way 
important. Hawking (1941) showed 
insoluble for this purpose one dissolves and disappears 
too short time, and much the other may still 
undissolved after several days. Sulphathiazole has inter 
mediate solubility and thus more suitable, either alone 
combination with sulphanilamide, the latter giving 
useful high initial concentration. would useful for thi 
purpose penicillin were less soluble substance proflavin: 
(solubility 300) ideal, persisting adequate concen 
tration for long period. 


Accessibility the Infection 


Local chemotherapy can expected succeed only 
penetration tissue required, none but the 
route any avail. seems scarcely necessary poin 
this out, but gas gangrene was frequently treated the pas: 
the local application hydrogen peroxide, than 
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nothing could have been more futile. this disease, the 
infection has spread into muscle many centimetres from the 
wound-cavity before the diagnosis made. 
may also result from loculation cavities, and from the 
presence sloughs, necrosed bone other non-viable tissue. 


Effect Tissues 


almost axiomatic that most ordinary antiseptics 
much damage tissues bacteria. The ideal local 
chemotherapeutic agent should, far possible, free 
from this disadvantage. The least toxic all penicillin, 
which has practically ill effect the cells any tissue 
even concentrations much higher than those which 
necessary use. The sulphonamides are also comparatively 
harmless, but concentrated solution they diminish cellular 
activity, and nervous tissue particularly susceptible 
damage them. The least toxic the older antiseptics 
are the acridine compounds, and although concentrated 
form they cause actual necrosis certain tissues, they can 
used obviate this effect. These are the three 
agents which have been chiefly used the recent treatment 
wounds. 


PRACTICAL APPLICATION 
Wound Prophylaxis 


The prevention wound sepsis perhaps the most 
important all forms local chemotherapy. clear 
distinction must made between the prevention wound 
infection and treatment. For about two hours after the 
infliction the wound, contaminating bacteria are still 
the cavity the wound, and have not begun multiply 
and invade surrounding tissues. They are thus still relatively 
accessible, although those enmeshed blood-clot, situated 
crevices between planes tissue, are not likely killed 
any application which has only transient effect. such 
application can take the place necessary surgical treat- 
ment foreign bodies and devitalized grossly contaminated 
tissue must removed. 

The ineffectual attempts prevent wound sepsis the 
war 1914-18 are now only historical interest their 
failure was due delay treatment, inadequate 
and the use unsuitable agents, chiefly the older antiseptics 
with high The intelligent use more 
effective agents dates from 

Sulphonamides. The powder treatment wounds with 
sulphonamides was introduced Jensen, Johnsrud 
Nelson (1939) for the treatment compound fraciures 
civilian practice. The method was widely employed for the 
initial treatment battle-wounds the war which began 
that year. have very little statistical information about 
its effect, although there experimental evidence plenty 
(Stephenson Ross, 1940; Henderson Gorer, 1940; 
Hawking, 1941; Selbie, 1942) its efficacy 
under certain conditions the prevention gas gangrene. 

its effect preventing sepsis generally the clearest 
evidence that collected Bentley Thomson (1945) 
among casualties during the battle for the Gothic Line 
Italy. Their best results were obtained with penicillin, but 
two other series wounds, one treated with sulphanila- 
mide, and one untreated any form local chemotherapy, 
the percentages becoming septic were and respectively. 
The percentages the sense containing 
pyogenic cocci without exhibiting signs gross sepsis were 
and 49; the authors conclude that sulphanilamide often 
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restrains bacterial activity sufficiently prevent sepsis, but 
has little power eradicating infection altogether. the 
later stages the war penicillin was used extensively that 
further information about the action sulphonamides alone 
has been scanty. 

blood serous exudate the sulphonamides have 
bacteriostatic action pyogenic cocci and some the 
and, provided that the powder adequately 
distributed, and that solution and absorption are neither 
too rapid nor too slow, the multiplication such bacteria 
must restrained. the method has been abandoned for 
some purposes, because even more effective methods 
are now available. The only serious evidence against its 
efficacy the analysis results 2,191 civilian cases 
Meleney (1945) according which sulphonamide treatment, 
either systemic did not reduce the frequency 
infection all. The discrepancy between these results and 
most others has yet explained. 

Acridine compounds. The subject acute controversy since 
1917, when they were first introduced, the acridine compounds 
have now found their proper place wound treatment. 
Without reviewing their full history, may said that they 
owe their present recognition largely the work Albert 
and his colleagues, who have been indefatigable synthe- 
sizing and studying the properties new acridines, and 
defining the conditions their employment. due 
their influence that acriflavine, which was largely used 
earlier days, has been discarded this substance inconstant 
composition, too toxic and too 
the other hand, pure substance, the ideal degree 
solubility for persistent action when used powder form, 
and less toxic. Perhaps the greatest influence any single 
paper this subject has been exerted Russell Falconer’s 
(1941) observation that buffered solution 
almost without toxic effect exceedingly 
vulnerable tissue, the exposed surface the brain. 

one questions the antibacterial activity the acridine 
compounds their vitro activity very great and their 
capacity for preventing infection has been demonstrated 
repeatedly. They were found more effective than sulphona- 
mides two series observations already quoted, those 
Hawking (1941) and Selbie (1942) the 
prevention gas gangrene. Recent controversy has centred 
chiefly their toxicity when used solid form. There 
doubt that proflavine powder any considerable quantity 
will cause necrosis normal tissues; Hawking (1943), 
Russell Falconer (1943) and Russell Beck (1944) have 
demonstrated this various ways, using the powder either 
pure diluted. Selbie (1943), the other 
hand, consider that the changes produced powder 
containing part proflavine sulphathiazole are 
not such contraindicate its clinical use. This mixture 
has been extensively used for the prevention sepsis, and 
favourably reported Selbie (1944) and 
Ascroft 

was suggested the writer (Garrod, 1940) that 
punctured wounds into which antiseptic cannot easily 
introduced might treated infiltrating the surrounding 
tissues with solution acridine compound. This 
technique has been employed clinically Arden (1945), 
using solution 5-aminoacridine hydrochloride, 
without evidence any undue toxic the results 
preventing sepsis were considered good. 

Penicillin. Against certain bacteria, penicillin far the 
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most powerful antiseptic known, and its absence 
another unique property. the other hand, its free 
solubility drawback, since persistence following powder 
application likely short. Penicillin became available 
such vast quantities the later stages the war that 
nearly all our information about its power preventing 
sepsis wounds refers parenteral treatment. never- 
theless evident from the original studies Florey Cairns 
(1943) and from those Bentley Thomson (1945) that 
calcium penicillin, diluted with sulphanilamide sulpha- 
thiazole, and used insufflation, valuable prophylactic. 

very desirable that further studies the usefulness 
penicillin-sulphonamide powders wound prophylactics 
should made. has yet decided what the best 
method dealing with the various types wound 
encountered civilian practice, and present evidence 
suggests that such powder likely effective any 
other single application preventing the development 
infection. 

The Treatment Wound Sepsis 


The treatment wound which already suppurating 
entirely different from the foregoing. Large 
numbers bacteria are present, different medium, and 
some are the tissues bordering the wound. the 
surrounding tissues are being invaded deeply, spreading 
cellulitis gas gangrene, local chemotherapy little 
value. The infection must localized the wound and. 
since usually suppurative, the chosen agent must 
active the presence pus. That they are inactivated 
tissue-breakdown products pus the reason for the 
relative uselessness the sulphonamides for this purpose. 

The acridines have such disadvantage, 
successful modern use septic wounds dates from the intro- 
duction proflavine powder treatment Mitchell Buttle 
(1942). Granulation tissue far more resistant than the 
normal tissues bordering fresh wound the toxic action 
proflavine, and these authors introduced quantities 
the undiluted powder without ill effect, although 
amounts less than this were usually adequate. Wounds 
treated dried quickly and began heal, even though 
suppuration had previously continued for months. This 
treatment has also been used successfully Raven (1944) 
and Heggie, Warnock Nevin (1945). Mitchell Buttle 
(1943) subsequently used diflavine 7-diaminoacridine 
monohydrochloride) the same way with good results, and 
continuous irrigation with solution this compound 
recommended Poate (1944). 
Robinson Selbie (1945) report favourably 
flavazole, chemical compound and sulpha- 
thiazole. 

impossible here review the many uses penicillin 
treating sepsis various types wound. Both powder 
insufflation and the instillation solution after suture 
were found Florey Cairns (1943) control al! gram- 
positive infection remarkably, least wounds not more 
than ten days old. Parenteral treatment has since very 
largely displaced these methods. How treat septic con- 
ditions the hand locally-applied penicillin the form 
powder paste admirably described Florey 
Williams (1944). Provided that the infection caused 
penicillin-sensitive bacteria, that the whole area 
and that persistence achieved, this treatment more 
successful than any other. 
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impossible exaggerate the importance technique 
local penicillin therapy progress has indeed consisted 
entirely devising new methods application for particular 
conditions. chief aim these has been secure 
persistence effect without repeated application. The 
latest example these ingenious methods that devised 
Reading (1946) for mastoidectomy wounds. Florey 
Florey (1943) originally suggested, for this purpose, suture 
the wound and repeated instillation penicillin solution 
through tube. Reading fills the cavity with plasma 
which penicillin has been dissolved, coagulates this adding 
thrombin, closes the wound, and leaves undisturbed until 
the sutures are removed. Primary healing resulted out 
cases. The plasma clot acts depot from which 
penicillin diffuses uniformly, presumably for long 
needed. 

Penicillin useless for gram-negative infection, due 
such bacteria Proteus and Ps. These bacteria 
are also very resistant, although not completely so, the 
acridines. Good effects these infections have been 
claimed for ethylene glycol ether (phenoxetol) 
(Berry, Gough, Berry Still, 1944). 

The place cationic detergents the treatment wounds 
uncertain. They have marked cleansing action, and 
probably have considerable prophylactic, although not much 
therapeutic, value. Examples are zephyran (Schumacker 
Bethea, 1943), 1942 Williams, Clayton- 
Cooper, Faulkner 1944) and phemeride 

Infections Closed Cavities 

The treatment meningitis, empyema and suppurative 
arthritis has beer. revolutionized the advent penicillin. 
Proyided that the infection due 
organism, the injection penicillin solution into the infected 
cavity the essential feature the treatment. This both 
far more effective and more economical than parenteral 
injection. The anatomy the 'esion fulfils one the 
main conditions for success local chemotherapy—that 
action shall persistent. single injection into such 
cavity, where the solution wholly retained and loss can 
result only from absorption, maintains its effect for many 
hours and, the infected pleura, even for several days. 

This form treatment applicable meningitis. 
empyema, pericarditis, arthritis, and abscesses other 
situations such the breast connective tissue generally. 
does not necessarily render ultimate evacuation 
empyema, the contents abscess elsewhere, 
unnecessary, even though the contents may sterilized. 


Skin Disease 

bacterial infections the skin offer promising 
field for local chemotherapy, and variety applications 
used the past probably had some such effect. They have 
now been largely replaced either sulphonamides, which 
are undoubtedly effective, least impetigo, penicillin. 
There now considerable literature the treatment 
skin diseases with applications penicillin the form 
spray cream, which not proposed review here. 
The results can summed very briefly: When the 
primary cause the disease infection staphylococci 
streptococci, the treatment succeeds; when secondary 
infection such organisms present, there improvement 
when such infection plays part the disease, there 
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effect. The local treatment blepharitis and conjunctivitis 
has also been highly successful when 
infection the cause. 

interesting that the conjunctival sac has been the site 
almost the only example chemoprophylaxis which 
eliance has been placed throughout years scepticism 
antiseptics. The instillation silver nitrate solution 
nto the eyes new-born infants has presumably prevented 
nany cases ophthalmia neonatorum. The time has come 
this solution replaced something less irritating 
ind perhaps more effective. The application penicillin 
‘ream the eyelids would fulfil these requirements. 


The Respiratory Tract 


The sprays, inhalations and lozenges the past 
have had extremely little effect. Not only were most 
antiseptics contained them ineffective themselves, 
the method application was much too transient. The 
actor persistence important here anywhere else, 
ind none these measures secured it. Effective local 
hemotherapy the upper air passages began with the intro- 
hiazole snuff for the treatment nasal carrier-states. The 
low solution this powder the nasal secretion was 
alculated produce effect lasting several hours. This 
reatment has been successfully used treating carriers 
aureus and diphtheriae. 

The more difficult problem chemo- 
herapeutic action the mouth and tonsillar area was first 
olved McGregor Long (1944), who employed gelatin 
containing penicillin. These dissolved slowly, and 
atients were instructed introduce another soon the 
one had disappeared; the effect could thus 
naintained throughout the day. This treatment had 
emarkable effect gingivitis was also valuable 
preventing sepsis after dental extraction, compound 
ractures the mandible, and tonsillectomy. afforded 
ome relief acute streptococcal tonsillitis, and shortened 
duration the carrier-state thereafter. Recently 
Meadley Barnard (1946) have advocated the treatment 
streptococcal and infection the throat 
ihe use penicillin-sulphathiazole snuff. The medicament 
carried through the the throat, which 
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reaches within few this was proved both 
tests with dyes and estimating the penicillin content 
the oro-pharyngeal secretion, which usually remained 
therapeutically adequate for hours after taking the snuff. 
Finally, penicillin administered inhalation 
used for the treatment infections the bronchi and lungs. 
This treatment still the experimental stage, and exact 
indications for have not yet been defined. 
although temporary, benefit has been obtained even 
bronchiectasis. The treatment nasal sinusitis has been 
less successful, perhaps because adequate distribution and 
persistence cannot achieved the complex area involved. 


COMMENT 


This brief summary has dealt only with local chemo- 
therapy direct application. Urinary and intestinal anti- 
septics are somewhat different category, although they 
are sense examples local chemotherapy, and have been 
the subject great advances during the past few years. 
reference has been made antibiotics other than peni- 
cillin, although likely that the future some these 
will found heve special indications. The most firmly 
established these present tyrothricin. 
owing its systemic toxicity, only for local application, 
this substance has variety uses the treatment super- 
ficiai infections, including wounds, ulcers, and infections 
the eye and nose. Strange may seem, antibiotic 
derived from mould may yet prove useful remedy 
for superficial mycoses the studies Sanders (1946) offer 
promise this direction. 

Advances systemic chemotherapy have been the main 
feature medical progress the past ten years. One their 
has been revive interest local chemothgrapy. 
Surgeons and others who would not previously admit that 
antiseptics had any real value, faced with the spectacle 
drugs which actually killed bacteria the tissues and even 
the blood-stream, were compelled admit that direct 
attack upon bacteria some local and accessible site might 
also have some effect. The success such proceedings has 
been due largely the advent new and better chemo- 
therapeutic agents, notably penicillin, but has depended 
also observing principles which has been the endeavour 
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PRINCIPLES ADMINISTRATION 
CHEMOTHERAPY 


Professor Materia Medica and University 
Edinburgh 


The successful use drugs depends maintaining 
adequate concentration the site action for adequate 
time. The achievement this aim depends very con- 
siderable extent the method administration, the 
frequency administration, and the use preparation 
dispensed appropriate form. the past these matters 
have been left largely chance. The therapeutist has decided 
what considers likely the best way giving the 
drug, and his results have been good his decision has been 
justified, but his results have not been good, has been 
difficult know the reasons for his failure. 

recent years much more attention has been devoted 
these matters. Different methods administration have 
been controlled estimates the concentration the 
active substances the body and this has led rapid 
advances. The new drugs which have been introduced 
recently would have been much less successful their 
practical application had depended solely the old empirical 
method trial and error. 

The problems involved the study the effects different 
methods administration are general pharmacological 
problems, and various different types drug have been used 
their study, but the present article concerned primarily 
with chemotherapy and examples will chosen, far 
possible, from experiments drugs used against infections 
various kinds. fuller discussion has been given else- 
where (Gaddum, 

Methods administration may either systemic 
local. When systemic method used the drug intended 
act after has been absorbed into the blood-stream and 
distributed about the body. Such methods are used when 
the infection widespread when the site infection 
inaccessible. One advantage local administration that 
more economical, since smaller quantities drug are 
generally used. also sometimes less dangerous, since 
high concentrations can maintained locally which would 
have toxic effects the body whole. also sometimes 
possible local administration reach parts the body 
which are inaccessible drugs given systemically, either 
because the circulation poor for other reasons. When 
the circulation good where the drug expected act, 
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local administration seldom effective because the drug 
rapidly absorbed into the blood and carried away. such 
cases the drug may act both systemically and locally and 
may advantage, but the therapeutist should know 
happening, and for this reason sometimes desirable 
estimate the drug the blood even when 
locally near its site action. 


Excretion and Fate the Body 


The optimal frequency dosing, rate 
depends the rate disappearance the drug from the 
site action. This can seldom measured directly 
depends partly the rate which the drug 
locally and partly the rate which taken the 
blood lymph washed away exudations secretions. 
With systemic administration, satisfactory cures are 
obtained adequate concentration maintained the 
blood. The disappearance the drug from the blood 
depends the destruction the drug, its uptake 
various tissues, and its excretion the urine, faeces, etc. 
The relative importance these factors varies widely. 
Penicillin mostly excreted the urine, mepacrine taken 
the tissues and slowly destroyed; only small 
percentage appears the urine. Ether taken the 
tissues and then excreted unchanged. Acetylcholine 
rapidly destroyed both the tissues and the blood itself 

The fate drug the body can sometimes followed 
measuring the amounts various organs and excreta. 
but seldom possible account for the whole dose this 
way. The simplest way studying the relative importance 
destruction and excretion eliminate complication: 
due the transference the drug from one organ 
making extract the whole animal. This type 
experiment most easily done with small animals such 
mice rats. Alexander (1943) carried out such experiments 
with sulphanilamide. Experiments rabbits showed that 
this drug was first evenly distributed the body-water and 
then concentrated the liver, kidneys and urine, but 
certain proportion the dose could not accounted for 
either its original form the acetyl derivative. The 
suspicion that some the drug had actually been destroyed 
was confirmed estimations made extracts whole 
mice, which showed that the drug was destroyed and 
the rest was mostly excreted the urine. 


The curve showing the disappearance drugs ofter 
approximately exponential the concentration falls 
first and then gradually more and more rate 
conveniently measured the half-disappearance time, 
halving time, which the time taken for the concentration 
fall half its initial value. When penicillin, diodone 
p-aminohippuric acid given intravenously, the halving time 
measured minutes. The halving time for sulphona- 
mides salicylates measured hours for mepacrine 
digitalis days; and for mercury weeks 


The frequency dosing should generally not less than 
the halving time the concentration kept fairly 
constant. The administration larger doses longer 
intervals may keep the concentration above the effective 
level, but comparatively wasteful way using the drug, 
and generally more liable cause toxic effects. The more 
frequent the dosing, the more constant the concentration, 
but the greater the labour. The optimal frequency depends 
balance these two factors. Continuous administra- 


tion ideal both for economy drug and constancy 


concentration. can achieved apparatus which 
produces steady flow solution the more less 
steady liberation the drug from more less insoluble 
depot. Examples these techniques, both for systemic and 
local administration, will given later. 

Devices which slow the disappearance drug have two 
advantages. They decrease the amount needed and make 
easier attain steady concentration. The appropriate 
method depends the mode disappearance. Acetyl- 
choline destroyed cholinesterase, and its disappearance 
can slowed giving eserine, which inhibits this enzyme. 
When drug excreted the urine, its disappearance can 
sometimes delayed slowing the excretion. The great 
speed which penicillin appears the urine proves that 
actively excreted the tubules. Its disappearance can 
slowed giving other drugs which are excreted the 
same way, and overload the excretory mechanism. Both 
diodone (Rammelkamp Bradley, 1943) and p-amino- 
hippuric acid (Beyer, Woodward, Peters, Verwey Mattis, 
1944) have this effect. 

When drug given continuously, frequent small 
doses, gradually accumulates the body, and the half- 
accumulation time equal the time 
(Gaddum, 1944b). When the having time short, with 
penicillin, the concentration rapidly rises the desired level, 
but when the halving time longer the concentration may 
rise too slowly, and necessary give large doses first 
and then reduce the rate administration when the effective 
concentration attained. This technique used with 
digitalis, salicylates, mepacrine, sulphonamides and many 
other drugs which are given systemically. not commonly 
used for local applications, because this case the halving 
time generally short. 

The dose necessary produce given initial concentration 
the blood depends the volume distribution. The 
dye T1824, Evans blue, used measure the plasma- 
volume, which equal its volume distribution. With 
chlorides, bromides and thiocyanates the volume distri- 
bution roughly equal that the extra-cellular fluid. 
Many substances, such alcohol, urea sulphanilamide, 
are evenly distributed all the body-water. Some drugs, 
such mepacrine, are rapidly concentrated certain tissues, 
and the apparent volume distribution much larger than 
the total volume the body. The importance these facts 
mainly theoretical, and the appropriate initial dose 
determined empirically. 


Oral Administration 


The simplest way taking drugs swallow them, and 
this the method choice when effective, but many 
drugs are poorly absorbed destroyed before absorption. 
Absorption through the oral mucous membrane slow and, 
although some drugs have systemic effects when given 
lozenges pastilles placed under the tongue, this 
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Gaddum 
technique mainly used for its local effect the mouth. 
For example, have given encouraging 
results the treatment Vincent’s angina (MacGregor 
Long, 1944). Few drugs, except alcohol, appreciably 
absorbed the stomach, and absorption from the rectum 
and erratic. The main site absorption the 
small intestine, and various devices have been used get 
unstable drugs into the duodenum before they are inactivated 
the stomach. The devices that have been tried include 
duodenal tubes, which are effective but laborious, the 
administration alkalis neutralize the gastric juice, and 
the use insoluble preparations tablets coated with 
insoluble materials such salol, stearic acid, keratin, 
gelatin hardened with formalin. Cellulose acetate phthalate 
has recently been recommended for this purpose. 
soluble alkalis but not acids, and experiments with 
rays and capsules containing barium sulphate showed that 
disintegration occurred the small intestine (Hodge, 
Forsyth Ramsey, 1943). Such preparations are best given 
empty stomach with drink water, that they pass 
quickly through the pylorus. 

Absorption from the intestine seldom very rapid 
process and drugs given this way have prolonged 
action than when they are injected. Attempts prolong 
their action the use insoluble preparations are limited 
the fact that drugs which are not absorbed fairly rapidly 
are apt lost through the anus. Various sulphonamide 
derivatives are comparatively slowly absorbed and have 
been used disinfect the lumen the intestine. They are 
extremely effective for this purpose and liable cause 
vitamin deficiencies the patient inhibiting organisms 
which form vitamins his gut. The reasons for their slow 
absorption are uncertain they are not all them particu- 
larly insoluble. possible that the slowness absorption 
these drugs due the fact that they are not ionized 
(Krebs Speakman, 1946). the other hand, possible 
that light will thrown this problem experiments 
the type carried out Bose, Ghosh Rakshit (1946), who 
injected various sulphonamides and then estimated their 
concentrations the contents the alimentary canal. 
Those concentrations were sometimes much higher than the 
concentrations the blood. The best drug for disinfecting 
the gut may the one which most actively excreted into 
the gut. the other hand, Hawking (1942) obtained 
evidence that very little sulphaguanidine excreted into the 
gut compared with the amounts the urine. Further 
evidence desirable this point. 


Intravenous Injection 


Intravenous injections are used get quick action, 
when the solution irritant. Rapid dilution the blood 
diminishes the irritant effects, though very irritant solutions 
may cause local phlebitis. the solution injected very 
rapidly the drug may all reach the heart and lungs almost 
undiluted and cause immediate toxic effects upon them. 
minute two taken over the injection, this particular 
danger generally avoided, but even then the concentration 
the blood whole may rise dangerous levels before 
the drug passes the tissues. The dangers speed 
shock were emphasized Hirschfeld, Hyman Wanger 
(1931). This led the administration neoarsphenamine, 
and later mapharside, slow intravenous infusion (Hyman, 
1940). 
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The rate disappearance usually high when drugs are 
given intravenously, that slow, rather than quick, injection 
advisable, not only because less likely cause toxic 
effects, but also because more likely maintain 
effective concentration the blood for adequate time. 
Such infusions may have maintained for number 
days. Special needles have been devised which can kept 
position arm and which give him some 
freedom movement (Herrell, 1945), but some workers 
have had poor results with needles and prefer tie cannula 
vein. This technique has the disadvantage that when the 
cannula removed the vein must tied and cannot used 
again. any case the vein usually becomes inflamed after 
few days and the site injection must then changed. 
The number available veins large but not infinite. 

The fluid should contain isotonic sodium chloride 
glucose Various workers have proposed that 
heparin should added prevent thrombosis (Martin, 
1944). common rate injection cm.* per minute 
reservoir feet m.] above the patient, and the rate 
controlled screw-clip and drip-feed. 


Marrow 


The administration fluids into the bone-marrow was 
pass directly into the blood-stream, and even blood itself 
can given this way. The rate may high 
per minute, and this method has been recommended easy, 
quick and safe when veins are difficult find (Bailey, 1944 
Morgan, Christie Roxburgh, 1944). The infusion 
penicillin into the marrow near the site osteomyelitis 
should particularly effective producing high local 
concentration well adequate concentration the 
systemic blood (Aird, 1945). 


Subcutaneous and Intramuscular Injections 

These have the advantage simplicity the needle can 
inserted nurse. Fluids may given either con- 
tinuously repeated doses. For continuous administra- 
tion the intramuscular method best, since absorption 
quicker. Using two needles the thigh muscles, fluids can 
(Billimoria Dunlop, 1940), but high rates are 
liable cause pain, and generally agreed that the volume 
given this route hours should small possible. 
The slower the rate injection the more difficult get 
steady flow, and various devices have been used for this 
purpose. One simple apparatus which delivers 100 
hours known Eudrip (McAdam, Duguid 
Challinor, 1944); the rate the flow air 
through capillary tube. Various authors have described 
electrically-operated machires which gradually push the 
piston syringe. this way the rate may reduced 
low per hours. The need for economy the 
use penicillin has been potent stimulus the invention 
such methods administration. Now that penicillin 
becoming more plentiful, there tendency revert 
the simpler procedure repeated injections. 

When repeated injections are used usually advantage 
the drug slowly absorbed that fairly steady concen- 
tration maintained the blood. There are many methods 
forming such depots drug, and some them are apt 
too effective, that adequate concentration the 


blood never reached. The route absorption depends 
the molecular weight the substance absorbed. When 
this greater than 20,000 (which about that the smallest 
protein molecules), absorption lymphatics and can 
slowed immobilizing the site injection. Smaller 
molecules are absorbed the blood (Barnes 1941). 

The rate absorption depends number factors 

Site injection: Intramuscular injections are usually 
absorbed more quickly than subcutaneous injections. 

ii. Local circulation Warmth dilates the blood-vessels and 
absorption, and cold has the opposite effects. 
Trumper Hutter (1944) have recommended that the site 
injection penicillin should chilled slow absorption 
and diminish pain. The circulation can also slowed 
adding vasoconstrictor such adrenaline the injection 
and this method used delay the absorption 
anaesthetics. 

Surface-area the depot: watery solution 
bismuth salt absorbed more rapidly than oily solution, 
partly because less viscous and spreads more widely 
the tissues. The effect the surface-area also shown 
particularly clearly when pellets steroid hormones are 
implanted subcutaneously. Such pellets may continue 
absorbed for many months (Thorn, Dorrance 
Dunlop, 1943). They can taken out intervals and 
weighed and measured. this way has been found that 
the rate absorption directly proportional the surface- 
area (Bishop Folley, 1944). 


iv. Solubility the drug and its vehicle the tissue-fluids 
This the most important factor, and there are many ways 
taking advantage it. The solubility the drug can 
controlled converting into salt with the appropriate 
properties. Experiments with steroid hormones have shown 
that this has marked effect the rate absorption. The 
solubility the vehicle can also controlled. Drugs may 
given suspended dissolved water fatty oil. 
Protamine-insulin relatively insoluble preparation which 
injected watery suspension. Globin insulin and bismuth 
tartrate are injected watery solution, but are immediately 
precipitated the tissues and then slowly dissolved. Propy- 
lene glycol can used much the same way. readily 
miscible with water, but dissolves steroid hormones and other 
fat-soluble substances. When such solutions are injected the 
solvent mixes with the tissue-fluids and the drug precipitated 
and then slowly dissolved. Water-soluble substances such 
adrenaline (Kennedy, 1941) pitressin tannate (Court 
Taylor, 1943) sodium penicillin (Raiziss, 1944) are slowly 
absorbed when injected suspension oil, but oils are 
more commonly used for drugs which dissolve them. 

When liquid fats such peanut (arachis) oil sesame oil, 
esters such ethyl oleate, are injected intramuscularly, 
they and the drug are slowly absorbed. The rates absorp- 
tion and local irritant effects various oils have been studied 
Brown, Wilder Schwartz (1944), who came the con- 
clusion that sesame oil and maize oil were preferable 
cottonseed oil and peanut oil. The rate absorption 
these oils can slowed adding substances such 
beeswax, which consists long-chain alcohols and fatty 
acids and their esters. relatively insoluble water and 
diminishes the solubility the oil. has been used delay 
the absorption histamine, desoxycorticosterone acetate, 
heparin, and penicillin (Romansky Rittman, 1944), 
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Respiratory Tract 

The mucous membrane the nose fairly effective 
absorbing surface, and snuffs containing nicotine, cocaine 
heroin give satisfaction when applied it. Pituitary 
extracts have been given this route, but the method not 
very reliable. Drugs applied the nose are usually intended 
have local effects, but large quantities oil are given 
this way solvent, may run down into the lungs and 
cause pneumonia (Robertson, 1940). 

Sprays are sometimes used administer drugs the 
lungs. The simplest forms spray produce large drops which 
are deposited the nose. only droplets with diameter 
less which reach the lungs, and these form stable 
cloud which shows tendency settle. Such clouds are 
produced sprays containing baffle, which returns all 
but the smallest drops the input the spray (Collison, 
substances which reach the lungs are 
very rapidly absorbed into the general circulation, and lung 
may absorb several times its own weight water hour. 
the other hand, difficult give much drug this 
way. The total weight the drops cloud commonly 
about 5-10 mg. per litre. If, therefore, possible use 
solution the drug and induce the patient inhale 
litres per minute and retain all the drops, will receive 
about 5-10 mg. drug per minute. Usually the rate 
administration will less than this, and prolonged inhalation 
will necessary get much drug into the systemic 
circulation. 

the other hand, such sprays produce high concentra- 
tion the drug the walls the bronchi, and not 
difficult produce effective concentrations drugs the 
sputum. This method administration thus most likely 
effective the treatment infections the bronchi. 
Both sulphonamides (Mutch, 1944) and penicillin (Bryson, 
Sansome Laskin, 1944) can used this way. 

Serous Cavities 

The permeability the linings the body-cavities 
important the treatment infections these cavities. 
The sulphonamides usually penetrate serous membranes 
easily. but penicillin normally does not and often 
given local injection. When the membrane inflamed 
its permeability both directions increased. Systemic 
administration therefore likely more effective the 
treatment infections the pleura, meninges and joints 
than might expected from experiments normal subjects. 
The peritoneum more permeable than other membranes. 
Penicillin given injection into the pleural cavity, joints, 
and cerebrospinal fluid the treatment local infections 
these parts, and effective concentration usually 
obtained for much longer than would have been the case 
the same dose had been given systemically. must 
remembered, however, that such infections usually involve 
the tissues surrounding the cavity well the fluid inside, 
and often desirable, therefore, maintain effective 
concentration the blood well the cavity. When 
sufficient penicillin injected locally such cases, may 
actually increase the blood-concentration effectively for long 
periods through slow absorption the drug. has even 
been suggested that penicillin should injected into normal 
cavities order treat infections elsewhere, but the rate 
absorption not likely under good control these 
circumstances, and doubtful whether this method 
forming depot will have wide application. 


Wounds and Burns 


The application drugs wounds has been discussed 
Robson (1943) and Hawking (1943). parts wound 
where the circulation good, the local administration 
drugs unlikely effective because the drug rapidly 
absorbed, and systemic administration more likely 
achieve results. Where the circulation bad, the only 
effective way using drugs apply them locally. Drugs 
diffuse very slowly over distances cm. more unless 
they are carried convection currents, and therefore 
necessary ensure that the method application carries 
the drug all parts the wound. Dead tissues form 
barrier drugs, and their removal therefore desirable for 
this well others. 

Drugs are liable disappear rapidly from wounds, either 
because they are absorbed because they are inactivated. 
therefore usually necessary apply the drug con- 
tinuously repeatedly, form local depot from which 
the drug slowly liberated. The continuous irrigation 
wounds has been much used, and particularly likely 
effective when the wound enclosed bag through which 
solution the drug runs. Penicillin effective when 
given intermittently through rubber tube inserted through 
the skin when wound sewn up. Local depots can 
formed the use powders which are sprinkled 
insufflated over the wound and far possible into crevices. 
The concentration the drug the wound then depends 
its solubility. Sulphanilamide fairly soluble and 
effective. Its rate absorption very roughly half its rate 
absorption from the intestine (Hawking, 1943), and 
may therefore cause general toxic effects excessive quantities 
are used. Many other sulphonamides are relatively insoluble, 
and are effective only when very fine powder used. 

Drugs may also applied creams particularly the 
treatment burns (Robson Wallace, Colebrook, 
Clark, Gibson Todd, 1944). The use sprays con- 
venient, but drugs applied watery solution sprays are 
liable quickly absorbed. When the drug incorporated 
dressings not likely reach deeper parts wounds. 


Eyes 

Drugs not pass readily from the blood-stream into 
those ocular tissues which have poor blood-supply they 
are therefore often applied locally. The application 30%, 
solution sodium sulphacetamide the surface the 
conjunctiva effective the treatment corneal ulcers 
(Robson Scott, 1941). This particular sulphonamide was 
chosen because very soluble neutral pH. Penicillin 
also effective when used the same way. Under suitable 
conditions, drugs penetrate the cornea, sclera, aqueous 
humour and iris. The main barrier penetration the 
epithelium the surface the cornea (Ginsburg Robson, 
1945). The penetration local anaesthetics through this 
epithelium increased the solution alkaline, since the 
free base penetrates more readily than ions. Wetting-agents 
also increase the penetration sulphonamides, but not 
penicillin, destroying the epithelium. When given 
drops, the drug disappears rapidly, and hourly administra- 
tion recommended. The labour involved such frequent 
application can avoided some extent the use 
cotton packs soaked the drug corneal bath. more 
effective method inject the drug subconjunctivally 
into the aqueous, vitreous, humour (Brown, 1946). 
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The important contributions France chemo- 
therapy have received relatively little attention 
some the relevant literature. The article below 
was contributed invitation, and first-hand 
account the chemotherapeutic work the 
Institut Pasteur. has been placed for con- 
venience our Historical Section, although the 
Institut Pasteur essentially part the medical 
history, not the past, but our own time. 


THE CONTRIBUTION THE 
INSTITUT PASTEUR, PARIS, 
RECENT ADVANCES MICROBIAL 
AND FUNCTIONAL 
CHEMOTHERAPY 


JACQUES TREFOUEL 
Director the Pasteur 
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Laboratory Director, Institut Pasteur 
DANIEL BOVET 
Laboratory Director, Institut Pasteur 
FREDERIC NITTI 


Department Director, Institut Pasteur 


Protozoa and Spirochaetes 
Trypanosomiasis 
the Institut Pasteur 1902, Laveran and 
established the conditions necessary for transmitting 
trypanosomiasis from one animal another. Mesnil and 
their later studies this disease demonstrated 
the therapeutic properties certain dyes, such afridol 
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violet and trypan blue, and also several arsenical 
compounds. 

The study the latter group compounds was continued 
Ernest Fourneau, who justly considered the 
successor Ehrlich, the pioneer chemotherapy. Fourneau, 
appointed director the Department Therapeutic 
Chemistry the Institut Pasteur 1911, contributed the 
identification atoxyl, the first active drug that could 
used with safety the treatment human and animal 
trypanosomiasis. 

The exact determination the structural formula 
atoxyl has had decisive effect further research the 
arsenical drugs once was known that atoxyl was not 
arsenical salt aniline but that the arsenic was directly 
attached the benzene ring, was possible change the 
position the amino group, the group itself could 
altered, replaced supplemented other groups. the 
study derivatives obtained this manner which have 
pursued, especially since 1921, the Laboratory Thera- 
peutic Chemistry, and which led the demonstration 
the chemotherapeutic properties orsanine and 
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Orsanine (270F 


Orsanine (Fourneau 270) (Fig. the remedy for the first 
stage and the beginning the second stage sleeping sick- 
ness, the American tryparsamide for the final stage this 
disease. Moreover, treatment with combination orsanine 
and example true synergy, since the latter 
re-sensitizes trypanosomes which have become resistant 
the action arsenical drugs. The history moranyl 
(Fourneau 309) (Fig. worth the formula 
this substance identical with that germanin (Bayer 205), 
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which the Germans refused disclose when tests were being 
carried out Africa. Bayer 205 has exceptionally high 
therapeutic index mice, the toxic dose being more than 
300 times greater than the therapeutically active dose. The 
results man were promising that the Germans 


FIG. 2 0. CH CO —NH 0, No 
NH NH 
{ SQ, No 
NaS03\ co co 0, 


hand over the formula Bayer 205 exchange 
the Cameroons. Tréfouél, and 
however, were fortunate enough discover the 
ormula this substance and published once. They 
demonstrated the amazing specificity its trypanocidal 
fact, simply removing the CH, group 
ransferring from the first the second benzene ring, 
vas possible cause decrease, even complete disappear- 
ince, activity. 

Fourneau, Tréfouél, Tréfouél, Bovet and 
howed later that the polyarsenical derivatives have selective 
Trypanosoma congolense, whereas the mono- 
derivatives are totally inactive. 

Before leaving the field trypanosomiasis, mention 
hould made the work Funke and his 
vho demonstrated the trypanocidal properties Fourneau 


FIG. 


(Fig. 3), the most active member series diamines 
hat had relationship any the previously known series 
trypanocides. Fourneau 1921 active whether given 
subcutaneously orally. 


Spirochaetal infections 
The activity bismuth syphilis was first discovered 
the Institut Pasteur Sazerac and Levaditi Bismuth 
still plays important part the therapy this disease 
with mercury, arsenic and penicillin. 
the course our study the arsenical acids found 
(Fourneau 190) (Fig. another striking example 


FIG. 


interdependence therapeutic properties and chemical 
constitution. Examination its formula shows that 
differs from orsanine only the position the groups 
and relation the arsenic acid group. 
And yet, while orsanine the specific for sleeping sickness, 
stovarsol the specific for the spirochaetal infections, 
syphilis and active mouth and gives excellent 
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results natural and experimental tertiary syphilis. 
also active against certain intestinal parasites (Giardia 
lamblia, Blastocystis hominis) and Plasmodium 
Malaria 

About 1928 Fourneau’s team opened new research 
laboratory for the study synthetic antimalarial drugs 
the canary and Java sparrow [Padda the 
series quinolines with carbon-nitrogen side-chain 
have found some interesting relationships between chemical 
constitution and activity against various forms plas- 
particular, have shown that with progressive 
lengthening the carbon side-chain there diminution 
activity gametes, whereas the effect schizonts 
non-existent with the shorter carbon chains and gradually 
increases, the side-chain lengthened, become quite 
definite with the group C,, (Fourneau 852) (Fig. which 
the stovarsol salt Fourneau 915. 


FIG. FIG. 


Rhodoquine (710 F 

This represents the logical link uniting the series 
the gametocide, that quinine, the schizon- 
The first clinical tests were carried out Marchoux 
and Chorine 

Funke, Bovet and have studied the effect 
interpolating aromatic nucleus the carbon chain, 


FIG. 


Among the substances tested, Fourneau 2236 (Fig. showed 
characteristic antimalarial activity against experimental 
avian infection (canaries, fowls). Its relatively low toxicity 
for animals justifies its clinical trial. 


Bacteria and Filtrable Viruses 

The development antibacterial chemotherapy dates 
from 1935, when demonstrated the antistrepto- 
coccal properties prontosil. immediately commenced 
study prontosil derivatives, applying the chemical and 
biological principles that had proved their value anti- 
protozoal chemotherapy. very short time discovered 
that the usual rule specificity action was longer valid 
for this series, least far changes the second 
nucleus prontosil were concerned, since none these 
affected antibacterial activity. thought logical 
assume that this second nucleus played only secondary 
therapeutic role, any the other hand, knowing that 
the azo linkage relatively weak, put forward the con- 
ception that prontosil, under the influence constant 
oxidation-reduction reactions the body, would split 
the link the acquisition hydrogen and the 


2 
a 
3 
2236° 
‘ 
/ NACOCH 
Irsol 
Stova 90 


HISTORY 


liberation two independent that p-amino- 


benzenesulphonamide from the first nucleus and that 


triaminobenzene from the second nucleus prontosil (Fig. 8). 


this second nucleus did not seem play any part 
therapeutic activity, prepared p-aminobenzenesulphona- 
mide (Fourneau 1162 sulphanilamide), which Gelmo had 
prepared early 1908, and carried out tests with 
mice. The first results were conclusive, showing that strepto- 
coccal infection mice was more resistant sulphanila- 
mide than prontosil and was, fact, more sensitive the 
new This observation solved the apparent paradox 
the complete inactivity prontosil vitro compared 
with its activity vivo. fact, prontosil cannot act 
since retains its identity becomes active only when 
transformed the animal organism into sulphanilamide, 
which active both vitro and vivo. From then onwards, 
the study the azo-derivatives was completely abandoned, 
and sulphanilamide became the starting-point for further 
research bacteriologists and chemists. 

then that sulphur could manifest its activity 
other forms than that the sulphonamido group 
increases with the degree sulphur 
oxidation, and have been able classify sulphur- 
derivatives order interest follows: 
sulphoxides, sulphones. 

all the substances have tested, 
sulphone (Fourneau 1358) (Fig. the most active against 


NH, NH, 


and pneumococcal infections the mouse. Our 
friend Dr. Buttle reached identical conclusion the same 
time did. But Fourneau 1358 extremely toxic and 
shows evidence the exceptionally wide range activity 
displayed sulphanilamide. Rodilone (Fourneau 1399) 
can obtained means diacetylation. 

means experiments Aspergillus niger were able 
1936 outline the mode action and 
conclude that does not exert antiseptic action, but 
simply one bacteriostatic inhibition. suspends life 
the recent experiments Lwoff and flagellate 
fairly large size, caeca, allow follow this 
mode action with ease: after two three normal 
divisions, flagellates considerably increased size are 
obtained these are unable multiply, but their vitality 
completely preserved, since they again divide normally after 
the addition antisulphonamide, such p-aminobenzoic 
acid. These experiments have, moreover, shown that the 
relative activities sulphanilamide and p-aminobenzoic acid 
are determined cell-permeability, the maximum bacterio- 


Static activity being and the maximum 
sulphonamide activity being the isoelectric point 

Nitti and have investigated the production 
antisulphonamides culture media: they confirmed tha 
antisulphonamide activity accumulates the most 
protein fractions, and tested the activity some 
amino-acids that constitute the final products the 
degradation scale two these, d/-leucine and 
manifested some activity, but this was inferior 
p-aminobenzoic acid. The same authors have also synthesize 
mixture closely resembling final hydrolysate 
and have been able show that this mixture, which 
inactive itself, has definitely stimulating effect 
activity p-aminobenzoic possibly this results fro: 
increase the ability the bacteria produce 
benzoic acid. Finally, these authors have shown that 
comparative antisulphonamide activity peptones and 
p-aminobenzoic acid varies with the nature the bacteria 
cultures Proteus, coli, and Friedlander’s bacillus tha 
are inhibited sulphanilamide resume growth equally we! 
with the addition either p-aminobenzoic acid peptone 
whereas with cultures streptococci and pneumococc 
growth re-stimulated p-aminobenzoic acid but not 
peptone. 

Our knowledge the antisulphonamide factors peptone 
media led better understanding the local use 
sulphonamides the treatment wounds: showing 
that sulphanilamide inhibits the development streptococc 
and welchii, which were together responsible for 
the deaths the 1914-18 war, the experimental investigations 
Legroux and guinea-pigs and rabbits made 
possible the treatment the war-wounded the spring 
1940. 

depends not only its nature, but also its virulence. This 
was shown Nitti and microbes low virulence 
give rise infections which are much more difficult 
suppress the other hand, when microbes suspended 
mucin are injected, their virulence increased and chemo- 
therapy once again becomes effective. 

Another factor which influences the action drugs the 
development resistance chemotherapy certain micro- 
organisms. Roux and have shown that strains 
can trained withstand increasing concen- 
trations sulphanilamide and sulphapyridine. But, 
the first case virulence reduced, the strains 
resistant sulphapyridine have retained their virulence 
can cause infections mice that are refractory treatmen 
not only with sulphapyridine but also with sulphanilamide. 

order render sulphanilamide active against th: 
staphylococcus cases furunculosis carbuncle whic! 
vascularization deficient, Legroux had the idea 
sulphonamide treatment with the resolvent properties 
iodine iodine softens the nodular lesions and thus allow 
sulphanilamide exert its action the originally 

The first clinical experiments with 116 
(sulphanilamide) were carried out the Hopital 
Pasteur Martin and the course 
following years, Martin and his established th: 
principles dosage and methods estimation which mad 
the use sulphonamides possible France with 
maximum safety and efficiency. 
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il. Penicillin 

was this same team that was the first France 
experiment with penicillin during the occupation years. 
the combined efforts the 
Company and Nitti, small quantity penicillin was 
and the first cases treated with this drug date 
from Later, our hospital was among the first 
penicillin from England and America, and this made 
possible extend the original 

order increase our stock still further, established 
March 1945 laboratory for the recovery penicillin 
rom the urine patients undergoing 

The laboratory for the estimation penicillin added 
previously known techniques perfecting 
which was based entirely new principle 
test organism, C/. welchii Cl. butyricum, decolorizes 
fanus green means reduction about hour, and 
amount penicillin present sufficient inhibit the 
zrowth these bacteria, there decolorization. The 
nethod sensitive and rapid, giving results about hours. 

have already said that Nitti was possession 
1944. With the aid the microbiophotometer, 
vhich was constructed Faguet and and registers 
growth-curves, was possible demonstrate the 
node action penicillin: the first stage, lasting 
hours, growth slowed down, then there progressive 
ysis, which becomes complete few hours the quantity 
penicillin sufficient. Lysis its maximum when 
growth most active. Lafaille, Sureau and have 
shown that the toxicity penicillin cultures diphtheria 
inversely proportional the age the culture. 

was not generally accepted that there synergy 
action between penicillin and sulphonamides, this subject 
was reinvestigated the Institut Pasteur both experimentally 
and clinically. Nitti, Boyer and Faguet read communica- 
the Association des Microbiologistes Langue 
January, 1946, which they showed the 
undoubted value combining these two drugs experi- 
mental streptococcal pneumococcal infection mice. 
This synergy logical, the two drugs act different ways. 
The experimental findings vivo have been confirmed both 
tests vitro and clinical experience. 

These conclusions are fully supported the excellent book 
Martin and his and 


Treatment Functional Disorders 


The origin the investigations undertaken the Labora- 
tories Therapeutic Chemistry poisons the autonomic 
nervous system found the partly accidental 
observation that adrenalin antagonized the amino- 
methylbenzodioxan derivatives, Fourneau 883 and Fourneau 
(Fig. 10), which were first synthesized connexion with 


our research programme for the discovery antimalarial 
drugs. these derivatives, sympathicolytic action found 
its paralysis, reversal, the effects 
idrenalin appears after very small dose and affects very 


great number organs and functions: blood-pressure, 
capillaries, heart, iris, nictitating membrane, unstriped 
muscles the intestine and uterus, bronchi and melano- 

The fact that the physiological activity the 
benzodioxans connected with the exact correspondence 
the molecule and some cellular structure stands out with 
particular clarity from the work which has been done 
the stereo-isomers. The ratio between the pharmaco- 
dynamic activity the left and right and 
some cases 20: 

Later turned our attention the problem the mode 
action these substances and particular the structural 
relationships which would permit the comparison adrenalin 
and the sympathicomimetics with their antagonists. Apart 
from the well-known series the benzylethylamines 
discovered the sympathicomimetic activity several 
series new derivatives, the phenoxyethylamines the 
benzylethylsulphides and the benzylethylenediamines 
(Fig. 11), each these new series being, moreover, 


FIG. I} ccN= OCCN = SCCN = NHCCN = 


intermediary stage between what are usually called the sympa- 
thetic stimulants and their antagonists, the sympathetic 
have described new synthetic sympathi- 
colytics this way the following chemical series 
aminobenzyl- 
and 

the result suggestion that should extend the 
field investigations begun our researches the phenol 
esters and the aminomethylbenzodioxans, were led 
study the antagonism shown whole series new diphenyl 
esters fibrillations caused physical chemical agents. 
The systematic study these showed that the most active 
group this series was diethylaminoethyloxy-2-diphenyl 
Fourneau (Fig. This product now used the 
treatment angina pectoris. 


FIG. 


The pharmacological study which grew out the investiga- 
tion the phenol esters also led the conception 
antihistamine poisons. well known that the biologically 
highly active acetylcholine, adrenalin and histamine, 
are related their chemical structure, distribution body 
fluids and pharmacodynamic properties. thus appeared 
likely that, just there are alkaloids capable opposing the 
effects acetylcholine and sympathicolytic poisons which 
neutralize reverse the effects adrenalin, there might 
These synthetic antihistamine compounds were discovered, 
our laboratory, three chemical series derived respec- 
tively from phenol (V), aniline (VI), and aminopyridine 
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(VII) (Fig. 13). methoxybenzyl dimethylamino- 
ethylaminopyridine (VII) neutralizes the toxic effect the 
guinea-pig 100 toxic doses histamine, and acts with 
dose low 0.1 mg. per kg. Both France and abroad 
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extensive work has established classic the conception the 
specificity the action the histamine antagonists and the 
explanation their action postulating blocking the 
specific peripheral receptors. Experiments carried out with 
products this type provide additional proof the part 
played histamine anaphylactic shock. The antiallergic 
action clearly apparent anaphylactic shock guinea- 
pigs, rabbits and dogs, the Sanarelli-Shwartzman reaction 
and the Schutz-Dale phenomenon. Various products from 
these series are now used clinically serum sickness, urticaria, 
Quincke’s oedema, and various forms 

recently obtained member the group acetylcholine 
derivatives—ethylal 
(Fourneau 2268) (Fig. 14)—probably represents the most 


FIG. 
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active parasympathicomimetic derivative known, being toxic 
doses the order 0.001 mg. per kg. similar com- 
pound present being studied 

Particular mention must also made new group 
nitric esters amino-alcohols, with remarkably simple 
structure (Fourneau 2054) (Fig. 15) and with action 


FIG. 15 Nr, CH, CH, 0 NO, 
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allied that the nitrites and trinitrin Fourneau 
just efficacious the latter product, but much 

series publications have described the experi 
mental and clinical findings obtained with aminothiazolc 
(Fig. 16) counteracting thyroid function and its use 


the correction hyperthyroidism. may concluded from 
the clinical researches carried out France, that amino- 
thiazole, reason its almost complete innocuity, appears 
take pride place over other substances 
suggested, such thiourea and The experimenta! 
work has been based both pathological and physiologica! 
studies. means technique which makes use radio- 
active iodine, has been possible, tests carried out 
collaboration with Joliot-Curie, show that, the living 
animal, aminothiazole antagonizes the 
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CLAUDE BERNARD AND SCIENTIFIC 
ADVENTURE 


YOUNG, Ph.D., D.Sc. 


Professor Biochemistry, University College, London 


The importance Claude Bernard one the chief 
founders modern experimental physiology was recognized 
even during his lifetime and his fame has grown with the 
passing years. statement that all recent French 
philosophy science takes its origin Claude Bernard! 
may exaggeration, but least testifies the growing 
realization his significance scientific philosopher. 
Within the last years number his philosophical 
writings have appeared print for the first time, and his 
Principes médecine, which was still unfinished his 
death, now awaits publication. Olmsted’s detailed 
and scholarly which appeared 1939, now 
followed more popular exposition Bernard’s life and 
work Raymond Millet, entitled Claude Bernard 

would difficult achieve for Bernard what Vallery- 
Radot nobly accomplished for 
countryman and contemporary, Louis Pasteur, and would 
almost impossible find Bernard’s life and work the 
popwar appeal derived from many writings men 
such Paul Ehrlich yet Millet has almost achieved the 
impossible. Although Michael Foster’s biography Claude 
Bernard, published describes the scientific career 
the great Frenchman, makes little attempt depict him 
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human being, and indeed the picture his life 
whole began emerge only with the publication Olmsted’s 
masterly study. The development the portrait thus begun 
well carried forward Millet’s latest work. 

The outlines Bernard’s life are easily told. was 
born 1813 Saint-Julien-en-Beaujolais peasant stock. 
While serving assistant pharmacist Lyons the 
age wrote and had professionally produced locally 
comedy sketch entitled Rose Thus 
encouraged, gave pharmacy for the composition 
full-blooded five-act drama, Arthur Bretagne, which, 
1834, the age 21, took Paris. There was 
advised Girardin, the critic, study medicine 1ather 
than the drama, advice which followed, albeit somewhat 
crestfallen. Qualification medicine was' quickly followed 
appointment assistant Magendie, then professor 
medicine the Collége France, whom Bernard later 
succeeded. His discovery that the liver secretes sugar 
(Nouvelle fonction foie, 1850, and his isolation 
glycogen (1857) quickly established his fame investigator 
first rank. 

exaggeration say that during his active years 
there was field experimental physiology which did not 
receive some attention from Bernard, and almost every 
subject that submitted investigation made some 
substantial contribution. But scientific fame accompanied 
domestic unhappiness, culminating formal separation 
from his wife and daughters 1870. His wife had from the 
first been unsympathetic and even antipathetic her 
husband’s investigations, involving they did vivisection, 
and must confessed that some ways Bernard was not 
lovable personality. His own account how took 
sick dog home for the week-end order observe closely 
the development the animal’s illness may well give clue 
the background his domestic unhappiness. About the 
time the legal separation from his wife, there developed 
apparently platonic friendship between Bernard and 
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Mme. Marie Raffalovich, friendship which lasted until 
his 1878. There are still preserved Paris some 500 
unpublished manuscript letters from Bernard Mme. 
Raffalovich written between 1869 and 1878. The light these 
throw Bernard’s private life this time unique 
importance. 

the man science, the development Claude 
researches holds perhaps more interest than the revelation 
his domestic affairs, the assessment his worth 
scientific philosopher. Like other classics, many 
writings are seldom their putative 
contents are often handed down from textbook textbook 
like precious heirloom alleged but unascertained worth. 
His views the question whether not liver-glycogen 
can act storage-form administered glucose are usually 
mis-stated, and examination his writings some detail 
shows Bernard’s own uncertainty this Likewise 
his views the glycogenic function the liver are some- 
times much more lucidly expressed textbooks than 
Bernard’s own writings. 

Some his earlier publications can give courage those 
struggling with their own difficulties demonstrating the 
enormity some early mistakes the great physiologist. 
There can little doubt that the results his investigations 
secretory nerves coloured, and coloured false tones, 
all his early ideas the secretion sugar the liver, and 
his early belief that section the vagus supplying the liver 
causes the disappearance sugar from that organ’ arose 
naturally from preconceived idea that the vagus must 
the secretory nerve concerned. was such preconceived but 
incorrect notions that led the discovery 
and the interesting theory that the stimulus 
the secretion sugar the liver was initiated the 
lungs and carried the vagus nervous centre the 
medulla, whence reached the liver way the spinal 
cord and splanchnic 

clear, too, that many Bernard’s early experiments 
carbohydrate metabolism were carried out under such 
unphysiological conditions yield results quite inapplic- 
able the normal animal. this respect 
Bernard’s early experiments were well justified. 
young English medical graduate, Pavy had visited 
Bernard’s laboratory 1854 and had seen repetitions the 
experiment whereby Bernard had demonstrated that the 
liver the starving meat-fed dog secretes large amounts 
sugar. this experiment section the medulla was 
first carried out order arrest life essentially 
normal the blood the hepatic veins was then 
demonstrated contain abundance sugar while the 
blood the portal veins contained none. his return 
England, Pavy decided investigate the disappearance 
the sugar from the blood when was perfused through 
surviving lungs, and for this purpose withdrew blood from 
the right heart the unanaesthetized living dog 
catheterization the jugular vein. his surprise found 
that blood obtained this way contained little sugar 


* Claude Bernard's triumph. Times Literary Supplement, 15 June 1946, p. 277 
* Olmsted, J. M. D. (1939) Claude Bernard Physiologist. London 

* Millet, R. (1945) Claude Bernard ou l’aventure scientifique. Paris 

* Foster, M. (1899) Claude Bernard. London 

* Bernard, C. (1850) C. R. Acad. Sci., Paris, 31, 374; (1853) Nouvelle fonction 
du foie considéré comme organe producteur du matiére sucrée chez Vhomme e: les 
animaux. Paris 


HISTORY 


unless the animal struggled became asphyxiated. When 
however, animal was killed, the right heart was found 
contain abundance sugar. the result these anc 
many other experiments, Pavy concluded that Bernard’: 
glycogenic function the liver was pathological pheno 
menon relevance the living normal animal. Findiny 
later that the sugar content the portal-vein blood 
significantly higher than that the hepatic veins for som 
time after dog had ingested carbohydrate meal, 
concluded that the liver was organ which absorbed rathe 
than secreted sugar, converting the absorbed glucose int: 
This was direct opposition 
ideas and controversy developed which was still 
the time Bernard’s the end his long lit 
(he died 1911), Pavy maintained that the production 
sugar the liver was phenomenon pathological but 
physiological interest, despite the ever-increasing body 
evidence support Bernard’s view that the secretion 
sugar the liver was essential factor the economy the 
normal animal. 

Although his work now largely forgotten, clear thai 
many Pavy’s criticisms Bernard’s work were justified. 
his early experiments, carried out pithed dying 
animal, Bernard must have stimulated hepatic glycogenolysis 
substantial extent, that the sugar content the blood 
the hepatic veins became quite abnormally high. his 
early investigations Bernard was unable find any sugar 
all the portal-vein blood the starving dog, and seems 
very probable that his experimental conditions had not 
resulted the stimulation hepatic glycogenolysis, 
would have missed the sugar the blood the hepatic 
veins well that the blood the portal vein, and 
would thus have failed discover the glycogenic function 
the liver and would not have isolated glycogen. 
the other hand, was able detect the sugar portal-vein 
blood his earliest experiments but, because his carefully- 
chosen conditions prevented post-mortem hepatic glyco- 
genolysis, concluded that the blood the hepatic veins 
contained the amount sugar which was normally indis- 
tinguishable from that the blood portal veins. 

his experimental facts, Pavy was therefore far nearer 
the truth than was Bernard that time. Hence, the curious 
paradox arises that, Bernard had chosen 
conditions for his early experiments, might never have 
discovered glycogen and the glycogenic function the liver, 
while Pavy had been little less rigid his determination 
use strictly physiological conditions, might not have 
been led develop his incorrect theories 
metabolism. Undoubtedly Bernard’s strength lay 
ability discard ruthlessly incorrect theory once was 
led conclude that its experimental bases were fault, 
ability which Pavy did not share such marked 
Nevertheless, the fact that Claude Bernard, man 
Olympian aloofness intellect, could times make 
egregious mistakes, may bring some degree comfort ani 
consolation all. 
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Publications discussed listed this section may 
borrowed inquirers resident the United 
Kingdom application the Editor. 


PHYSIOLOGY THE HUMAN EYE 


4. Magitot: Physiologie oculaire clinique. Masson, Paris, 1946. 750 francs. 
Though ophthalmology rich monograph literature the 


comparative physiology the eye, there are remarkably few 
ystematic expositions the physiology the human eye, 


because the subject fluid. The publication 


welcome. The author has himself contributed extensively 
the subject, particularly the physiology the intraocular 
and this book brings together critically and exhaustively 
aass scattered information ocular physiology generally. 
‘he field covered extensive, seen from the chapter- 
There are fifteen sections, several them containing 
subdivisions Protective mechanism the globe. ii. Ocular 
Nutrition the globe. iv. Intraocular fluids. 
tension. vi. Circulation the conjunctiva. 
Cornea. viii. Iris and pupil. ix. Lens. The retina. 
The function the retina. xii. The optic nerve. xiii. The 
xiv. Ocular muscles and ocular motility. 
Binocular vision. 

This treatise has Gallic elegance and clarity—to use over- 
but thoroughly applicable phrase. extensively 

and the presentation leaves little desired. The 
the end each chapter, whilst not exhaustive, 
are adequate. 

The book intended for the clinician. lacks any discussion 
the refractive state, and contains but little physiological 
optics, but these subjects are adequately covered existing 
monographs. Magitot’s treatise particularly good the 
stress lays general physiology the understanding the 
physiology the eye, and the significance the study 
pathological states the problems physiology. should 
much give ophthalmologists insight into the basic 
problems their specialty, and should greatly stimulate clear 
thinking. The book likely establish itself standard 
volume. 
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KIENBOCK’S DISEASE 


Jacques Rudolf Rittner: Beitrdége zur Klinik und pathologischen Anatomie der Kien- 

béckschen Krankheit (Lunatummalacie). Benno Schwabe, Basel, 1946. 4 francs. 

Since first described unusual disease the 
lunatum characterized softening and sclerosis, deformity, 
axial compression and even fragmentation, much discussion has 
followed about its nature. Roughly speaking, three main views 
have been advanced. has been suggested that there initial 
trauma, with secondary dystrophic changes the bone leading 
deformity, and certainly the frequent history primary 
fracture has given support the view. second theory holds 
that disease the bone concerned, and that the other 
features result from this. Axhausen, for instance, has emphasized 
aseptic necrosis the lunatum due embolism, micro- 
organisms low virulence lodging the vessels the bone 
and producing bland infarct. Others have described 
endarteritis obliterans vascular spasm the mechanism 
infarction. The third view would place disease with 
the more general osteopathies such malformations, metabolic 
upsets, deficiencies vitamin and hormone supply. 

recent study cases, Riittner gives good reasons for 
regarding the pathological picture from dynamic point view, 
for the variable features depend upon intensity and duration 
mechanical influences and how long the reactive process has 
been going on. The dominating histological change 
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disturbance healing fracture. Primary callus formed, 
but undergoes degeneration and softening, leading the 
formation secondary fractures and clefts. These may 
complete partial, that only small areas the lunatum 
are affected the other hand, deformity may pronounced. 
Pseudarthroses often form, and disturbances cartilage and 
spongy bone are not uncommon. The latter include aseptic 
necrosis, cyst formation, medullary fibrosis, lysis 
the true bony substance. Riittner found sign primary 
necrosis his cases, all which gave clinical and roentgeno- 
logical evidence traumatic fracture the first instance. 
suggests that displacement fragment through the subchondral 
cortical ring bone results weakening the spongy tissue 
because lacunar resorption and softening immediately around 
the site fracture, and predisposes further fractures later 
date. such way are laid the foundations progressive 
pathological process, and this comes the pseudarthrosis, 
the spongy tissue with splitting, cyst formation and 
the rest. 

With many processes work the components the 
lunatum not surprising that highly complicated x-ray 
picture seen the fully developed case, but rational 
explanation follows from the pathological studies outlined above. 

Treatment disease still far from satisfactory 
and Riittner concludes that conservative therapy better than 
extirpation the bone. follow-up number his cases 
showed that functional disability often persisted the joints 
concerned when operation was performed. 

This excellent little monograph, full useful information 
and pleasing economy words. the fifty odd 
references listed, one only English. Presumably Swiss 
investigator can least read that language. 


Cameron 
938 
INFECTIOUS ANAEMIA 


G. Hemmeler: L’anémie infectieuse. Benno Schwabe, Bale, 1946. 5 francs. 


Dr. Hemmeler has written monograph pages 
the anaemia associated with infection. presents some 
detail his own studies the peripheral-blood and sternal-marrow 
pictures large series cases different types infectious 
diseases, and also discusses some experimental observations 
rabbits. concludes that the anaemia due toxic action 
the marrow, causing hypoplasia erythropoietic elements. 

Unfortunately post-mortem reports the character and 
extent the marrow are given. concludes from the sternal 
puncture alone that there hypoplasia erythropoietic 
elements. generally recognized important know 
exactly how much active marrow there the skeleton before 
attributing any form anaemia marrow insufficiency. 

Dr. Hemmeler confines his review the literature almost 
entirely continental work, and appears unaware important 
observations that have been published England and America 
this field. 

His own observations offer nothing new the way facts, 
and his theories appear based insufficient evidence. 
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FRENCH CLINICAL EXPERIENCE 
PENICILLIN 


Editions Médicales Flammarion, Paris, 1945. 

The authors this book are all members the staff the 
Institut Pasteur and its hospital, and have been working 
penicillin, first with very scanty material and information 
their disposal, since late 1943. While, therefore, large part 
the book inevitably based the work foreign writers, 
the authors have been able make considerable contribution 
from their own experience. 

The book divided into two parts: the first deals with the 
biological properties penicillin and its preparation, while the 
second—by far the larger section—is purely clinical. This 
section subdivided according the type infection 
treated. contains chapters on: Infections due staphylo- 
cocci, streptococci and pneumococci; meningitis pulmonary 
venereal diseases; war 


per 


ophthalmology. (The chapter ophthalmology 
contributed Dubois-Poulsen, while Marc Iselin and André 
Aubin collaborated those pulmonary infections and 
numerous and high standard and there bibliography 
662 references. 


940 
GEOMEDICINE 


Richard Upjohn Light : The progress of medical geography. 


J. K. Wright : A proposed atlas of diseases, with a note on the terminology of certain 
map symbols. 


Reprinted from Geogr. Rev., 1944, 34, No. 4, pp. 636-654. American Geographical 
Society, New York. 


Garrison, the American medical historian, pointed out 1932 
that new science geomedicine was process teing born, 
and Sigerist, director the Institute the History Medicine 
the Johns Hopkins University, has favoured the publication 
atlas showing the geographical distribution diseases 
time and space. 1944, the American Geographical Society 
sponsored the project for atlas diseases, designed 
primarily tool for research rather than popular text-book. 

For the proposed atlas there are two methods approach 
according circumstance: the first attempt narrow 
the selection down the two three best average projections 
the second treat each disease separate problem and 
use the projection best suited for showing that particular disease. 
comprehensive plate illustrates the range symbols for use 
qualitative symbols for differences kind only and 
quantitative symbols for differences degree well kind. 
The inadvisability trying crowd too many kinds data 
map wisely emphasized. 

[The pilot project for the proposed Atlas of Diseases is reviewed below.] 


Anastasia van Burkalow : Fluorine in United States water supplies. Reprinted from 
Geogr. Rev., 1946, 36, No. 2, pp. 177-193. American Geographical Society, 
New York. 


small amount fluorine, about part per million, 
necessary for optimal dental health. Where the fluorine-content 
the drinking water much less than this, the dental-caries 
experience rates are high where greater, the disfigurement 
known dental fluorosis, mottled enamel, endemic. 
Because this direct relationship between dental health and 
element the physical environment, the water supply, study 
the problem was chosen the pilot project for the American 
Geographical Society’s proposed Atlas Diseases, the primary 
purpose which show the correlation disease with the 
natural and social environment. 

The inclusion fluorine test recent development 
water analysis, and incompleteness data therefore one 
the major problems faced. Suggestions are made 
how present knowledge can best utilized for epidemiological 
study the United States. 

Information the amount and distribution fluorine 
rocks still far from complete, but enough known indicate 
that present markedly differing amount different kinds 
rocks. Fluorine soluble forms may expected large 
amounts where two conditions prevail: (i) abundance 
fluorine-containing minerals, supplied either directly from 
magmatic sources, indirectly the weathering and erosion 
igneous rocks; (ii) abundance pyrite, usually 
found association with concentrations organic material, 
facilitate the decomposition fluorine minerals. The 
need for better data the fluorine content potable and 
agricultural waters urged upon county and state health 
authorities. Tests should repeated the same wells 
different seasons. The results should considered relation 
the depth wells, populations using the supply (both 
human and animal) and, wherever possible, with rock analysis 
well depths. 

Investigations the lines suggested might well considered 
together with the published findings research endemic 
fluorosis already carried out Britain. Comparative surveys 
different countries would rapidly increase our knowledge 
fluorine and its various manifestations. The present communica- 
tion therefore welcomed. may pointed out that 
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while the human bone lesions endemic fluorotic areas 
India, Argentina and South Africa are mentioned, those describe: 
Texas 1943 Linsman and McMurray are not considered. 
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MEDICINE AND SURGERY THE USSR 


V. P. Filatov : [Optic transplantation of the cornea and tissue therapy.] [in Russiar 


Professor Filatov’s fundamental work the transplantatio: 
the cornea and the subsequent tissue therapy has 
new era ophthalmology. This book based his experi 
ence over 1,000 transplantations. most detailed accoun. 
with excellent illustrations and diagrams. The first part dea! 
with the transplantations proper and the second with the 
peutic use conserved tissues the diseases the eye, 
diseases which are not connected with the eye. 
invaluable interest all ophthalmologists. 


U. M. Oofliand: [Modern methods of electro-diagnosis in gun-shot wounds of the nervov 
system.] [in Russian] 


Diagnosis means electricity injuries the nervou 
system was invaluable during the war. not only confirms the 
diagnosis, but also most useful for the prognosis and treatment. 
especially regards the necessity surgical interference. 
mostly used for injuries the peripheral nervous system. This 
little book gives compact but detailed account all its uses 
The author considers that the chronaximetrical method the 
most perfect method electro-diagnosis. 


A. N. Obrosov : [The technique of physiotherapy.] [in Russian] 


This short manual the technique physiotherapy meani 
for doctors and sisters departments 
hospitals. gives details the physiotherapeutic 
apparatus, stationary and portable. also deals with the 
electrical processes, which transform the electric current into 
different therapeutic agents. There chapter which describes 
the possible defects the apparatus and how they can 
avoided the workers using it. short but very useful 
manual for the personnel the physiotherapeutic departments 
hospitals. 


Yudin : [The surgical treatment of gastric and duodenal ulcer.] [in Russian] 


This based Professor Yudin’s years’ experience 
performed 5,322 operations for various conditions which are 
tabulated under (a) malignant growths, (6) chronic ulcers. 
(c) perforations, (d) haemorrhages, and (e) other causes. 
short book, but gives very concise account all these 
conditions and the kind operation contains 
number excellent photographs the various stages during 
the operations. The final chapter deals with the gastric and 
duodenal ulcers war-time. This most interesting and 
valuable book acknowledged master surgery. 


V.N. Sheiniss : [The treatment of injuries of fingers and the wrist during the war] 
[in Russian] 


This little pamphlet deals with the first aid, the débridemen 
the immobilization and the subsequent treatment injuries 
the fingers and the wrist. 


{The organization of scientific work in institutions of public health in the U.S.S.R | 
[in Russian] 


which was held Moscow April 18th-20th, 1945. 
short report eminent professors the USSR dealin: 
with their respective subjects, followed address 
Minister Health, Tretiakova. gives also accourt 
the discussion and ends with order the Minister 
Health the activities the scientific medical 
and resolution the Council. 

Swann 
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prices quoted are those which obtain within 
the United Kingdom. Editors overseas medical 
journals who wish review publications which 
notices appear are invited apply the Editor 
review copies, which few are sometimes 
available. Orders for any the publications 
mentioned may sent the Editor there are 
difficulties obtaining them 
may referred the numbers given the 
left each item, e.g. Book 942. should 
noted that supplies all publications are limited 
and there can certainty that publications 
ordered requested for review will available. 
Universal Decimal Classification and the classifi- 
cation number each publication given the 


ANATOMICAL EPONYMS 
942 611 (92) 


Anatomical Eponyms being Bibliographical Diction- 
ary those Anatomists whose Names have become 
incorporated into Anatomical Nomenclature, with 
Definitions the Structures which their Names have 
been attached and References the Works which 
they are described. 

Jessie BAILLIERE, TINDALL COX, 1946. 

Personal names are longer recognized official anatomical 
nomenclature, but are still frequently used. Professor Wood 
Jones, his foreword Miss Dobson’s biographical dictionary, 
suggests that the use eponyms main incentive learn the 
history anatomy. Miss Dobson provides short summaries 
the careers eponymous anatomists and reference the 
original descriptions the parts processes which their 
names are attached. She points out that, while biological 
nomenclature personal names are often given species 
honour scientists not directly concerned with their discovery, 
anatomy usually the discoverer whose name recorded. 
Her references original publications are thus most valuable 
establishing authority for the use eponyms, and will 
permanent use for reference unfortunately they are not 
precise could wished. 

Her records clearly represent much research, her correc- 
tions wrong attributions for often happens that discovery 
recorded obscure anatomist credited more famous 
namesake. Thus she shows that have been 
reputably attributed Ernst von Bergmann, the surgeon, while 
they were, fact, described five years before his birth 
Bergmann, little-known neurologist. 

The author has ascertained the correct dates birth and 
death, etc., where variant dates have been recorded, and her 
facts seem generally accurate. The biographical notes are 
varying value and insufficiently formalized and little attempt 
has been made indicate the relative importance the different 
anatomists for instance, there indication the greatness 
Haller Cajal. There uncertainty about the use 
vernacular latinized which could have been 
surmounted fuller cross-references. More-careful editing and 
more precision detail would have made the book considerably 
more worthy the great learning which has gone into its 
compilation, but all the same indispensable reference tool. 


APPENDICITIS 
943 616.345.2-002 
Patients and Appendicitis 
Sir Crisp English. LONDON, CHURCHILL, LTD., 1946, 


vii + 155 PAGES; 4 ILLUSTRATIONS. 22 x 14cm. 10s. 6d. [£0.525] 


(i) Patients ; (ii) appendicitis: general aspects; (iii) acute appendicitis : 
clinical symptoms and signs; (iv) treatment of acute appendicitis: general 
principles ; (v) operation for acute appendicitis ; (vi) after-treatment of acute 
cases ; (vii) non-acute appendicitis ; (viii) indications for operation upon the 
non-acute appendix ; (ix) points in technique ; (x) operation on the non-acute 
appendix ; (xi) modern anaesthesia ; (xii) the follow through. Bibliography. Index. 


BOOK REVIEWS 


This manual dealing with the many aspects 
appendicitis. The author has prefaced his account short 
essay the various types patients with whom surgeon has. 
deal; though this chapter has little direct reference the 
rest the book full practical wisdom. 

The rest the book follows the accustomed lines but 
rather unequal merit. think the detailed account the 
pre-operative preparation the patient, the enumeration the 
main points technique, and the remarks after-treatment 
call attention many valuable measures. the other hand, 
the section diagnosis neither full nor accurate enough. 
The author, whose experience must have been very great, has 
failed realize the difficulties those less experienced. Other- 
wise why should say page 39, Diagnosis usually 
that the first symptom often first felt between P.M. 
and but consider that quite erroneous state 
that the initial appendicitis often accompanied 
hiccough, assert that Nausea and vomiting are often 
entirely absent Moreover, readers would have been more 
pleased have the author’s own account the valuable points. 
differential diagnosis than enumeration taken from 
current text-book, however good. 

There are certain omissions the section treatment. The 
operator who opening appendix-abscess advised let 
the pus out gradually and control the flow series swabs 
mention made the invaluable help afforded suction, 
which will easily keep the field dry and avoid escape pus into 
the peritoneal cavity. the description the Ochsner treatment 
advised that nothing should given mouth rectum, 
but mention made how the patient’s fluid-balance 
maintained. Moreover, imagine few surgeons would 
agree that morphine should given four-hourly, especially 
since details are given the dose required. 

Though agree with the author’s view that repetition 
often useful, think that there was need describe fully 
the various possible positions the appendix three different 
places (pages 24, 28, 95). sum up—this readable account. 
appendicitis, not full enough the section diagnosis, but 
helpful the practitioner who wishes guidance pre- and 
post-operative treatment. doubtful the experienced surgeon 
will find much value. 


CHEMISTRY MEDICINE 


944 577.1 
Introduction Biochemistry 


William Robert Fearon. THIRD EDITION. LONDON, WILLIAM 
HEINEMANN (MEDICAL BOOKS) LTD., 1946. 569 PAGES. 
14cm. 1s. [£1.05] 

Part I. Elements and Inorganic Compounds. (i) The subject matter of 
biochemistry ; (ii) biological elements ; (iii) inorganic compounds ; (iv) solutions 
and colloidal systems. Part I]. Organic Biochemistry. (v) Classification and 
characteristics of organic compounds ; (vi) carbohydrates ; (vii) reactions of 
carbohydrates ; (viii) proteins; (ix) amino acids and protein structure ; 
(x) lipides ; (xi) steroids; (xii) pigments: pyrrole derivatives, carotinoids, 
flavins, melanins, etc.; (xiii) catalysts; (xiv) nutrients; (xv) alimentary 
digestion ; (xvi) intermediate metabolism : carbohydrates ; (xvii) intermediate 
metabolism : proteins ; (xviii) intermediate metabolism : lipides ; (xix) tissue 
respiration and energy exchange ; (xx) purines and pyrimidines ; (xxi) nitrogenous 
bases (xxii) (xxiii) (xxiv) (xxv) the internal 
environment : blood and tissue fluids ; (xxvi) tissue chemistry. Appendix I. 
Food composition tables. Appendix II. Reagents. Index. 

Many text-books biochemistry, particularly those launched 
more especially the medical student, steer somewhat 
course between the Scylla chemistry and the Charybdis 
physiology. Professor Fearon is, however, expert helmsman, 
and the third edition his book demonstrates clearly that the 
subject biochemistry very much more undigested 
mixture chemistry and biology. The author this text-book 
peculiarly well fitted for the task which has undertaken, 
since chemist with expert interest analytical tech- 
nique, well medical man with wide biological outlook. 

The third edition this book differs from the previous ones 
the emphasis that now placed upon certain aspects the 
subject which are particular interest clinical medicine 
furthermore, the chapter Nutrients” has been almost 
entirely rewritten, and new chapter added Tissue 
Since the majority those reading this book will 
medical students, right that the author should stress 
subjects especial interest medicine but despite this con- 
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BOOK REVIEWS 


cession, Professor Fearon never falters his wider treatment 
the subject, point that perhaps greater significance 
the education the medical student, well that the 
student science, than the particular emphasis matters 
vocational importance medicine. typical example his 
incisive, albeit somewhat forthright, treatment the subject, 
based wide background, may quoted from the section 
concerned with the biological significance potassium 
higher land-animals: Potassium, maintaining 
tradition, accumulates the tissues sodium, true marine 
ancestry, circulates the (page 16). 

This book conveys vivid fashion the unifying power which 
the physical sciences wield relation the most diverse 
biological phenomena. the reviewer’s opinion, therein lies 
much the importance biochemistry the medical student. 
During his pre-clinical period should not merely equip himself 
with the technical information required walk the wards 
intelligently this immediately utilitarian aspect the importance 
chemistry relation medicine but one part the whole. 
his early years the medical student has opportunity, which 
never again acquires, consider the principles which underlie 
biological phenomena general. biochemistry can learn 
regard biological systems—the cell the protozoon and the 
tissues the higher animal alike—not only subjects for visual 
examination macroscopic and microscopic planes, but also 
objects for consideration sub-microscopic, molecular basis. 
learning regard living tissues terms molecules, atoms, 
ions, and the forces acting between them, the student medicine 
creates bond with his fellow science which can illuminate 
his pathway, not only through studies, but also 
through the years future medical advance, for sure that 
the advance medicine the future must depend more and 
more the application biology the basic concepts 
chemistry and physics. 

The medical student who studies inorganic chemistry early 
his course sometimes finds but little straightforward connexion 
between his early work and his later studies biochemistry and 
physiology. Professor Fearon’s book finds two chapters 
devoted the biological significance elements and inorganic 
compounds, and most interesting discussion the position 
the periodic table elements particular biological importance. 
this and many other ways the book shows clearly how 
chemistry underlies the general phenomena biology. 

The book brilliant conception and excellent general 
accomplishment. Such excellence makes the more necessary 
consider some matters detail which are not wholly 
acceptable. From the section pages 393 and 394, concerning 
Energy exchange biological reactions the reader may fail 
distinguish between free energy and heat, and the terms 
regarded synonymous. Endothermic reactions can sometimes 
proceed spontaneously, although true that endergonic 
reactions, both living tissues and reactions non-living 
systems, must coupled with course free energy they are 
proceed appreciable extent. 

Dogmatic statements are sometimes made about matters 
which, even for the elementary student, might better 
express some caution. For instance (page 328), Contrary 
what was once believed, sugars have ketolytic, ketone- 
destroying, effect their action anti-ketogenic that they 
provide more acceptable source energy than the 
Recent evidence suggest that sugars may exert ketolytic action 
providing the units tricarboxylic acid cycle means 
which the ketone bodies may combusted. Contrary what 
stated baldly page 500, the pituitary growth-hormone not 
lipoid character. Oestrogenic factor” most confusing 
term apply pituitary follicle-stimulating hormone (page 
501). The more recent evidence that nerve-degeneration 
vitamin-A deficiency can result from mechanic injuries caused 
pathological overgrowth bone (Mellanby) might men- 
tioned with advantage page 271. the reviewer’s opinion 
pity that purine and pyrimidine rings are not throughout 
drawn hexagon form, instead the old Germanic square 
fashion. 

spite these minor faults, the book shows its conception 
wideness approach the subject which, combined with 
vivid but scholarly style writing, makes the most readable 
important book reference all aspects the subject. The 
general principles underlying the biochemical approach the 


problems life have found their most able expositor Professor 
Fearon, whose book may well regarded echoing and 
amplifying the works Wordsworth 

every Form being assigned 

Thus calmly spake the venerable Sage, 

active Principle :—howe’en removed 

From sense and observation, subsists 

all things, all natures the stars 

azure heaven, the unenduring clouds, 

flower and tree, every pebbly stone 

That paves the brooks, the stationary rocks, 

The moving waters, and the invisible 

(The Excursion—Book Ninth). 

hoped that, through the medium this important 
attitude the subject will exert the widest influence the 
development biochemical thought. 

Young 
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Micro-Analysis Medical Biochemistry 


(i) Normal values ; (ii) procedures for whole blood ; (iii) procedures for blood 
plasma ; (iv) procedures for blood serum; (v) procedures for cerebro-spinal 
fluid ; (vi) procedures for faeces ; (vii) procedures for urine ; (viii) analysis of 
calculi; (ix) gastric analysis; (x) hydrogen ion concentration ; (xi) spectro- 
scopic procedures ; (xii) tests of function; (xiii) volumetric solutions ; (xiv) 
colorimetric and photometric measurements. References. Index. 

This new publication account the current methods 
use the laboratories the British Postgraduate 
School, large part the material being collected account 
the methods developed and improved the author and his 
co-workers. The book concise and gives complete account 
the methods and the preparation the reagents required, 
but omission the latter respect the preparation Folin 
and Ciocalteau’s reagent. The applications photometric 
principles are adequately presented. The author has attempted 
cover the field the common examinations blood, urine, 
faeces, etc., but the amount space allotted has apparently 
required the omission such topics the detection 
sulphonamides the urine. 

The emphasis throughout the book the practical side, and 
regretted that such topics the cleaning and calibration 
glassware were not included, necessary, the exclusion 
the brief references clinical applications. 

This book should find welcome place the laboratory shelf 
the clinical pathologist and will also invaluable laboratory 
assistants, especially those reading for the final examination for 
the Associateship Laboratory Technicians. 
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Practical Chemistry for Medical Students 


William EDINBURGH, LIVINGSTONE, LTD., 1946. 
xvi 460 PAGES. 22x 14cm. 


Part I: Some Fundamental Scientific Ideas. (i) The nature of scientific work ; 
(ii) general ideas on qualitative work ; (iii) general ideas on quantitative work. 
Part I: Practical Methods. (iv) manipulation ; (v) measurement. Part III : 
General and Physical Chemistry. (vi) principles and their applications ; 
(vii) volumetric analysis ; (viii) experiments in physical chemistry. Part IV : 
Inorganic Chemistry. (ix) reactions of common inorganic substances ; 
(x) identification simple inorganic substances. Part Organic Chemistry. 
(xi) principles (xii) reactions organic radicals (xiii) classification simple 
— compounds ; (xiv) compounds of biological importance. Appendices. 

ndex. 

This new book and excellent one. Its scope governed 
largely the present medical curriculum the University 
Edinburgh, where general and inorganic chemistry, together with 
some physical chemistry, are studied, either pre-registration 
course within the University equivalent course school, 
before the student admitted the faculty medicine. More 
physical chemistry, together with organic chemistry, are then 
studied during the first year the medical curriculum. this 
respect the practice the University Edinburgh similar 
that the majority English medical schools. difference 
exists, however, that Edinburgh the course biochemistry 
during the second year the medical course taken the 
department physiology, despite the existence active 
department biochemistry the University. While the closest 
co-operation desirable between the departments physiology 
and biochemistry (and indeed between the department 
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and the other pre-clinical departments) the teaching 
medical students, the fact that there possibility little 
co-ordination between the teaching the introductory 
inorganic, physical, and organic chemistry, the one hand, 
and biochemistry proper the other, not one that will 
commend itself all unreservedly. 

The scope the book indicated the headings the 
main sections (see above). 

The pages devoted fundamental ideas are most valuable, 
and their influence runs like streak silver throughout the 
Too often the student medicine studies elementary 
chemistry bewilderment, missing the relationship between 
vhat doing the laboratory and what has heard his 
lectures and failing appreciate the nature scientific thought 
and evidence. Dr. Klyne points out, frequent reference 
the earlier chapters scientific method will necessary the 
get the most out his laboratory work, and 
realize that such ideas are not confined chemistry, but are 
common all organized thought. Although cannot 

enied that the early teaching the medical student should 
tuition the nature evidence and the organization 
perhaps surprising that Dr. Klyne’s early chapters 
chemistry. 

The section general and physical chemistry excellent, 
and the study such general topics before the systematic study 
inorganic and organic chemistry undertaken great 
mportance. There one possible disadvantage learning 
such matters somewhat early the course which ought 
guarded against, and that failure the part the 
student recognize the general nature the phenomena which 
are initially being studied particular relationship chemistry. 

pages 92-93 the statement made, such 
are clumsy use hydrogen-ion concentrations are 
usually described means the negative logarithm 
the The word this sentence 
perhaps not the happiest choices. true that figures such 
are clumsy use, but surely the reason for the use the 
logarithmic function not merely convenience notation, but 
because the influence biological systems change 
hydrogen-ion concentration determined the ratio the 
final the initial hydrogen-ion concentration rather than the 
magnitude the increment itself. the stage which first 
appreciates this fact, the medical student should led realize 
that logarithmic function fundamental importance 
biology. Even with the elementary student could indicated 
that much his knowledge the external world transmitted 
him way logarithmic functions (e.g. sight, hearing and 
sensory perception generally), and that the significance 
logarithms biology certainly not limited their use the 
scale. 

his treatment values Dr. Klyne shows himself 
refreshingly aware the difficulties encountered the elementary 
student this aspect the subject. The student who meets 
values only with respect the Henderson-Hasselbalch 
equation has little opportunity appreciating the general 
significance pK’s, and many instances never grasps the 
distinction between dissociation and degree 
dissociation But the use such approximative equations 
(both found this book together with other related 
equations) the student himself able check, means 
simple measurements, the relationship between pH, and 
molecular concentration solutions weak monobasic acids 
and monoacidic bases moderate concentration. 

the section inorganic chemistry, the reactions common 
inorganic substances are related the periodic table 
orderly fashion, and this treatment lies the roots the chapter 
the identification anions and cations (group separation). 
This first-class section, and the author congratulated 
for the successful packing much useful information into 
logical sequence within the scope only 121 pages. The student 
who masters this section cannot possibly obtain the impression, 
not uncommon among elementary students even few years ago, 
that the group separations employed the identification 
cations were created separate action inspiration which 
divorced them from any other aspect chemistry. 

section devoted organic chemistry provides excellent 
introduction this aspect the medical student’s studies, and 
satisfactorily relates what has gone before. This section 
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whole perhaps lacks some the inspiration the other 
parts the book, but nevertheless provides introduction 
the study more advanced biochemistry which should most 
valuable. The reactions and properties substances biological 
importance are emphasized wherever their consideration 
appropriate, but the mistake not made assuming that such 
matters should introduced the expense the general 
development the subject its theoretical 
aspects. 

Throughout the book admirable discipline introduced into 
the methods approach the problem hand, the analysis 
the findings and the recording the results. The student who 
follows the advice this book cannot fail impressed 
the immense value orderly technique. 

Although Dr. Klyne’s book practical text, its emphasis 
the theory underlying practice admirable and apposite. 
Modern views the nature valency and the structure 
matter are judiciously related laboratory procedures, and 
with this book the student can from theory practice, and 
back again from the bench theory, with the greatest facility. 
the opinion the reviewer this point the greatest 
importance, and should subject for vigorous development 
the future. Dr. Klyne has made excellent start this 
direction and hoped that will pursue this line with 
greater and greater force future editions this book. 

was Isaac Newton’s inspiration that led him write 

induced many reasons suspect that they [the 
phaenomena nature] may all depend upon certain forces 
which the particles bodies, causes hitherto unknown, are 
either mutually impelled towards each other, and cohere 
regular figures, are repelled and recede from each other 
(Preface Principia). 

Newton himself was unable far the application 
these ideas chemical matters (see, however, Query 
Optics) and the application, elementary ideas, the results 
modern investigations into the structure liquids and solids, 
the nature the forces binding molecules and atoms together, 
and the conditions which facilitate the breaking and rearrange- 
ment valency links, but now beginning. hoped 
that within the next ten years the elementary books will all 
become orientated along such lines development. Dr. Klyne, 
with the advantage initiating text rather than revising 
old one, has already made exceptionally good beginning. 
hope that his book will exert widespread influence the 
development the teaching elementary chemistry, and that 
himself will carried along the surge will have helped 
create cover new and hitherto unexplored ground the 
new editions which, the future, may confidently expected. 
Young 
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Rudolf with the collaboration David Hitchcock, 


LONDON, CHURCHILL, LTD., 1945. xiii 676 PAGES. 
16cm. 2s. [£2.1] 


Section I: Selected principles of physical chemistry. (i) Diffusion in liquids ; 
(ii) reaction velocity and enzyme reaction ; (iii) elements of thermodynamics ; 
(iv) electromotive force ; (v) some properties of aqueous solutions. Section II : 
Large molecules ; their physico-chemical properties and their architectural and 
functional significance in living matter; (vi) interatomic and intermolecular 
forces ; (vii) some properties of large molecules in solution ; (viii) condensed 
systems of large molecules, with special reference to the structure of fibers ; 
(ix) some properties of films and membranes. Section III : Introductory remarks 
concerning the architecture of protoplasm. Section IV: The surface of the 
protoplast, its properties and its architecture. (x) the permeability of the cells 
to organic nonelectrolytes ; (xi) permeability to electrolytes ; (xii) permeability 
to weak bases and weak acids; (xiii) permeability to dyestuffs ; (xiv) perme- 
ability to water ; (xv) chemistry and physics of the plasma membrane. Section V: 
Influence of some extracellular factors on cellular activity. (xvi) the influence 
of inorganic ions on cell activity ; (xvii) the influence of inorganic ions on fiber 
and ‘cell potentials ; (xviii) physiological significance of the electrokinetic or 
¢-potentials ; (xix) the oil-like membranes as the seat of thermodynamic 
potentials ; (xx) the influence of nonpolar-polar organic ions ; (xxi) the influence 
of ions upon cell potentials in plants ; (xxii) the polarization of model membranes 
and of natural membranes by electric current ; (xxiii) the influence of narcotics 
on cell activity. Section VI: The respiration of cells and tissues. (xxiv) The nature 
of respiration: (xxv) energetics and kinetics ; (xxvi) the nature of oxidation ; 
(xxvii) respiratory enzymes ; (xxviii) the origin of carbon dioxide ; (xxix) the relation 
between fermentation and respiration ; (xxx) the utilization of liberated energy ; 
(xxxi) summary. Section VII: Contractility. (xxxii) General survey of contractile 
tissues ; (xxxiii) muscles. Section VIII: Passive penetration and active transfer in 
animal and plant tissues. (xxxiv) Intestinal absorption ; (xxxv) the formation 
of urine ; (xxxvi) the permeability of the body surface of animals and plants ; 
(xxxvii) the elaboration of digestive juices ; (xxxviii) some remarks about the 
energetics of the active transfer, the transferring device, and their mechanics. 
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pleasure read scientific book which the very 
praiseworthy aims the authors are admirably carried 
through this volume. The authors’ aim was not provide 
text-book for the student cellular physiology, but present 
the achievements date, show the trend investigations, 
and stimulate pointing out the problems still unsolved. 

For the full understanding and appreciation the contents, 
considerable knowledge physical chemistry and allied sciences 
required the authors, being aware this, offer guidance 
readers not ‘fully conversant with physical chemistry reference 
certain standard text-books. 

Starting with the presentation some basic principles 
physical chemistry, the authors proceed problems increasing 
complexity. Through the discussion forces involved the 
linkages atoms and molecules, and the properties and 
behaviour molecules high order aggregation, reach 
some the most important sections this book, those the 
surveying cellular structures, such fibres, films and mem- 
branes. Much emphasis laid the properties plasma 
membrane, and the authors, while presenting the various 
proposed models this membrane mixed film, show that 
such conception inadequate. They propose consider this 
membrane rather active through which solutes 
and solvent are often transferred the performance work 
against concentration gradient between the inside and outside 
the cell. implied that the work done this cellular 
structure during such transfer derived from the expenditure 
metabolic energy. parallel drawn this respect between 
plasma membrane and myosin fibrils, which liberated metabolic 
energy likewise utilized perform work. 

These considerations lead naturally the chapters cellular 
respiration, energetics and kinetics. shown how the potential 
energy foodstuffs liberated stepwise, and suggestions are 
offered how this energy might utilized for cellular work. 

The final sections contractile tissues, intestinal absorption, 
renal secretion, permeability the body-surface, elaboration 
digestive juices are treated, broadly speaking, the light the 
previous chapters, and suggestions are offered for the interpreta- 
tion the mechanisms active transfer the various absorbing 
and secreting surfaces. 

authors have brought together most impressive wealth data 
and succeeded, far present-day knowledge permits, 
giving complete picture cellular physiology. Apart from this, 
the work challenge research workers for further investiga- 
tions. Although the various sections were written different 
authors, there feeling discontinuity passing from 
chapter chapter, but one leaves the book with the conviction 
that has been built solid framework. Physiologists, 
physical chemists, and biochemists will undoubtedly give warm 


welcome this work. 
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Child and Adolescent Life Health and Disease 


ae Craig. EDINBURGH, E. & S. LIVINGSTONE, LTD., 1946. 
xvi + 667 PAGES; 203 ILLUSTRATIONS. 22 x 14cm. £1 5s. [£1.25] 


Part I: Historical. (i) Private philantrophy [sic] and voluntary effort ; 
(ii) voluntary hospitals and the beginnings of paediatrics ; (iii) poor law care 
of the destitute child ; (iv) welfare of school children ; (v) infant and child 
welfare ; (vi) recognition of some special needs ; (vii) the adolescent. Part II : 
Care of child life at the present time. (viii) homelessness ; (ix) the juvenile in 
need of care and protection ; (x) the maintenance of health ; (xi) help for the 
handicapped ; (xii) treatment of the sick; (xiii) preparation in child and 
adolescent care ; (xiv) the administrative background to certain services con- 
cerned with the welfare of children and adolescents; (xv) the child under 
conditions of total war. Part Il]: The future. (xvi) The spirit of future 
endeavour. Part IV: Legislation relating to child and adolescent welfare. 
(xvii) Powers conferred on central and local authorities ; (xviii) protection of the 
mother, foetal life and child life ; (xix) concerning some aspects of child care 
under the poor law; (xx) concerning educational welfare ; (xxi) concerning 
services for the medical care of certain conditions occurring in childhood : 
(xxii) concerning the employment of children and young persons. Appendices : 
I. Certain representative hospitals providing general medical and surgical care 
for children. II. Certain representative special hospitals, long-stay hospitals, 
hospital schools, residential special schools and convalescent homes for children. 
Ill. Certain representative institutions, societies, etc., directly or indirectly 
interested in the care of child and adolescent life in health and/or disease. 
IV. Categories of handicapped pupils requiring special education. V. The growth 
of social paediatrics : a chronological list of some outstanding events and periods. 
Bibliography. Index. 


The title Dr. Craig’s book, Child and adolescent life 
health and disease, very wide, but the text does really fill 
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the outlines the great subject defined the title. 
preface gives concise description the scope and aim 
the book. The present-day picture the provisions for 
care child life and health can compared 
jig-saw puzzle. Each piece the puzzle has its own historica 
puzzle its present unfinished form, and aid completio: 
the puzzle explain how past progress has been 

The subject the child and the adolescent under 
discussion the moment, and the discussion political 
that there keen awareness that the polity child 
adolescent life disorder, and that its policy badly need 
attention and repair. The subject national importance, 
personnel and many different organizations and service: 
The first requirement the discussion policy 
factual account all the agencies that attempt meet the need 
child and adolescent life and the outstanding value 
the book that supplies expert detailed information the vas 
and intricate machinery, both social and medical, that 
all the human needs health and sickness the chil 
and adolescent. The author has had first-hand experience 
administration, preceded much clinical experience, and 
book authoritative contribution the problem and polic 
administration the future. 

Dr. Craig not content with describing the present and 
casting the future. goes back into the history the subject 
and describes from the days Queen Elizabeth the rise and 
gradual development the many philanthropic 
agencies dealing with children. This first and historical 
the book written with picturesque charm and accompanied 
many quaint and telling illustrations: interesting 
itself, but also valuable explaining the position and form 
the many pieces the present-day puzzle-picture 
administration. 

would take too long describe more detail the different 
parts this remarkable book. The sub-title describes 
study social paediatrics. But the word the main title 
the governing word. Life the child and adolescent has its 
social well its medical aspects, and the book the social 
needs the child education and industry are fully described. 
The book is, fact, history, directory, and concordance 
child and adolescent life Britain. writing the author 
has done great service all who are concerned with the child 
and the adolescent, whether they politicians, administrators. 
doctors, nurses or, last and not least, mothers. Since the 
publication the book, has been appointed the chair 
child health the University Leeds, and will now 
have the opportunity exercising great city the offices 
politician, administrator, physician and teacher the field 
child and adolescent life. 

final word praise must given the publishers for the 
number and excellent quality the illustrations. 


HAEMATOLOGY 


949 616.15 


Disorders the Blood. Diagnosis, Pathology, 
Treatment and Technique 


(i) The origin, development, functions and fate of the cells of the bloov ; 
(ii) abnormal haemopoiesis and abnormal cells found in the circulatio: ; 
(iii) the principles and practice of haematological diagnosis. I. Red cel! : 
(iv) the principles and practice of haematological diagnosis. II. Leucocytes a d 
blood platelets ; (v) the principles and practice of haematological diagnos s. 
Ill. Physical and chemical properties of the blood cells and plasma; (vi) ‘1¢ 
causes of anaemia; (vii) the nature and mode of action of haemopoietic sv >- 
stances; (viii) idiopathic hypochromic anaemia. The Plummer-Vins 1 
syndrome. Chlorosis ; (ix) pernicious anaemia and tropical nutritional anaen i»: 
(x) anaemias due to disease of the alimentary tract and its associated orga | : 
(xi) miscellaneous dyshaemopoietic anaemias. Radium and X rays. Scur y. 
Thyroid disease ; {xii) anaemia in pregnancy and the puerperium; (xiii) ‘1¢ 
haemolytic anaemias; (xiv) the puerpuric and haemorrhagic diseas¢; ; 
(xv) anaemias in infancy and childhood; (xvi) diseases due to aplasia >r 
hypoplasia of the bone marrow. Aplastic anaemia. Agranulocytic angir : : 
(xvii) polycythaemia, erythraemia and erythrocytosis ; (xviii) the leukaerm «s 
(leucoses) ; (xix) miscellaneous disorders associated with splenomegaly. Sple vic 
anaemia, Hodgkin’s disease. Diseases of lipoid metabolism ; (xx) infection «ad 
infectious diseases ; 


(xxi) haemagglutination and blood transfusion. Bk 0d. 
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groups; (xxii) miscellaneous conditions. Allergy. Nephritis. Coronary 
thrombosis. Diabetes. Cancer ; (xxiii) disorders involving the blood pigments. 
Enterogenous cyanosis ; (xxiv) technique. Subject index. Index of authors. 

glance through the medical literature the past few years 
sufticient make one realize that disorders the blood have 
provided one the most popular fields for clinical investigation. 
order keep abreast with this considerable output that 
the authors have produced fifth edition their well-known 
book only four years after the fourth. While this edition con- 
torms the general plan the previous ones, the recent advances 
have necessitated considerable revision the chapters dealing 
with haemolytic anaemias, haemagglutination and blood trans- 
fusion, the anaemias infancy and childhood, and technique. 
The other chapters have been brought date also, the whole 
process involving increase sixty-two pages text. 

The authors’ plea that cell nomenclature should stan- 
dardized will find considerable support all the world over, and 
the relatively simple terminology used them could well form 
the basis for agreement. One can criticize only their faulty 
alinement the haemocytoblast with the more primitive cell 
called haemohistioblast Ferrata. Coloured reproductions 
blood cells, which are rapidly improving the years by, will 
greatly assist this standardization, and the four new illustrations 
this book, together with the adjoining explanatory sketches, 
show good way reaching this end. 

One must admit, however, that the technical reproduction 
the picture the eye sees still far from perfect, and 
hoped that improvement this direction the future will 
coincide with the insertion few more illustrations into the 
text which could real value the reader. Important 
examples are the various cells glandular fever, the different 
pictures obtained marrow-smears from cases myeloma, 


and the intra-corpuscular development stages the four malarial 
parasites. 


This book’s chief value lies its excellence one for reference 
alike for physician, pathologist, practitioner and student. Much 
the text could hardly bettered, but, the 
opinion, the merit the book would considerably enhanced 
slight rearrangement the subject-matter its clinical 
section. admittedly difficult know what and what not 
include under the heading Disorders the Patho- 
logical changes blood and marrow are divisible into two main 
one which they form the essential lesion disease, 
pernicious anaemia and the leukaemias, and the other 
which the tissues are but one the many possible affected 
the disease process, e.g. carcinoma and Hodgkin’s disease. The 
first group rightly discussed very fully, and forms most 
important section the book. suggested that all the 
diseases the second group were handled the manner the 
good chapter the infectious diseases, the book standard 
reference would much improved. the moment too much 
space taken the description (sometimes inaccurate, 
the case porphyrinuria) the non-haematological aspects 
some the diseases the group, whereas the haematological 
details these and other diseases are contrast rather sketchy. 
way examples, the possible blood-changes and the 
appearance the pathological cells marrow-smears are all 
that need described the case the lipodystrophies would 
much more helpful anyone seeking information about the 
blood-changes which occur periarteritis nodosa find under 
the heading this disease, rather than under section devoted 
the rarer eosinophilic leukaemia. 

The technical section the end welcome feature the 
book and would improved still further the transference 
the descriptions technical methods included the 
previous chapters, i.e. those the Donath-Landsteiner reaction 
and the Paul Bunnell method for prothrombin- 
time estimation sufficiently widely used given detail 
here. There has been considerable experimental work recently 
the relative merits the different methods for estimation 
haemoglobin, the references which are included this text. 
this procedure fundamental importance the clinical 


haematologist, critical analysis these methods would have 
been very helpful. 


haematology and compares favourably with many the 
American publications. While there room for improvement, 
there question that very considerable help anybody 
interested this branch medical science. Its appeal can 
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gauged the publication this year Spanish edition, and 
would not surprising this venture were followed trans- 
lation into other languages well. 
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Medical Emergencies 


Charles Newman. THIRD EDITION. LONDON, 

(i) Poisoning ; (ii) coma (including sudden paralysis); (iii) convulsions ; 
(iv) circulatory failure ; (v) haemorrhage ; (vi) asphyxia; (vii) the colics ; 
(viii) sudden insanity ; (ix) sulphonamides and penicillin ; (x) miscellaneous 
emergencies. Index. 

Medical emergencies, opposed surgical emergencies, may 
relatively uncommon, but when they occur, they demand 
immediate treatment. addition, they are liable occur 
without any warning. This combination factors means that 
the practitioner often finds difficult deal adequately with 
the emergency when arises. aid him under these 
circumstances this book can thoroughly recommended. All 
the more usual emergencies are dealt with under the headings 
poisoning, coma, convulsions, circulatory failure, haemorr- 
hage, asphyxia, the colics, sudden insanity, sulphonamides and 
penicillin, and miscellaneous emergencies. preparing this 
new edition considerable revision has been undertaken. 

Treatment, even emergency, can seldom standardized 
and Dr. Newman forestalls criticism his statement that 
has merely given those that feels the best and 
simplest without alternatives, order give definite 
advice those who seek Even so, impossible entirely 
withhold criticism some his methods. For instance, 
the treatment barbiturate poisoning all that said favour 
the treatment diabetic (hyperglycaemic) coma, there 
insufficient stress upon the necessity for the administration 
adequate amounts insulin. probably inevitable, the 
section the sulphonamides and penicillin out date, but 
statements such the essential treatment lobar pneumonia 
the administration sulphanilamide and might 
well have been deleted the final stages proof-reading. The 
list conditions dealt with extensive, not exhaustive, but 
Cheyne-Stokes respiration curious omission. book 
such this adequate index essential, and future editions 
this might amplified for instance, there reference under 
may well have considerable circulation outside Great Britain 
disturbing find the officially discarded still 
used, while when dosage given the imperial system 
equivalent the metric system provided. 

the whole, however, this useful practical book which 
the practitioner will find most helpful dealing with medical 
emergencies. 
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Rare Diseases and some Debatable Subjects 


Parkes Weber. LONDON, STAPLES PRESS, LTD., 

Dr. Parkes Weber believes that further progress medical 
knowledge will largely due the study rare’ diseases 
and Probably many doctors share his opinion, 
one judges from the number publications rare and 
cases the periodicals. The author’s name 
closely associated with several the rare diseases, either first 
important contributions towards identifying disease (e.g. the 
Sturge-Kalischer Sturge-Weber disease) furthering the 
understanding already established syndrome (e.g. various 
forms calcinoses, etc.). this small volume, divided into 
chapters, cases variety rare syndromes and diseases, 
thoughts and opinions debated medical subjects are presented, 
all which have been published one time another 
journals. The book does not present systematic study, but 
might almost called collected The chapters are 
devoted mostly clinical details the author’s own patients, 
and regrettable that pathological findings, which might 
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have made for better understanding many cases, are available 
relatively few instances. The reader will find also the 
description some curiosities, e.g. how the natives New 
Guinea produce the tusk ring 
Freudian psychology and the problem euthanasia 
are admittedly debatable subjects, but one wonders little how 
epigrams fire-bombs, which were smothered with 
either doctors porters, found their way into book rare 
diseases. 
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The Vitamins Medicine 


Franklin Bicknell Frederick SECOND EDITION. 
LONDON, WILLIAM HEINEMANN (MEDICAL BOOKS), LTD., 1946. 
(i) Vitamin A (the antixerophthalmic or anti-infective vitamin ; axeroptol) ; 
(ii) the vitamin B complex ; (iii) vitamin B, (aneurin ; thiamin) ; (iv) riboflavin 
(lactoflavin) ; (v) nicotinic acid (niacin); (vi) vitamin C (ascorbic acid) ; 
(vii) vitamin D (the antirachitic or calcifying vitamin) ; (viii) vitamin E (the 
antisterility or antidystrophic vitamin; alpha, beta or gamma-tocopherol) ; 
(ix) the unsaturated fatty acids and minor fat-soluble vitamins ; (x) vitamin K ; 
(xi) vitamin P. Index. 


The second edition this invaluable book, published some 
four years after the first, tribute alike the authors, the 
publishers, and the vitamins. The rapidity with which 
knowledge growing has necessitated increase size from 
650 900 pages, and opportunity has been taken the same 
time increase the number figures from 120 208. There 
has been extensive revision many chapters and tables and 
new chapter the essential unsaturated fatty acids and minor 
fat-soluble vitamins has been added. 

The book contains far more than its title indicates. The 
chapter for each the vitamins, which are dealt with alpha- 
betical order, begins with brief historical account the history 
the vitamin its isolation, identification and synthesis. 
This followed discussion the chemical properties, 
methods estimation and its distribution foodstuffs. The 
food-tables which complete this part are each compiled from 
number original sources and represent the best information 
available. The next section deals detail, and most cases 
admirably, with the biochemistry and physiology the vitamin 
—the section for ascorbic acid, for example, contains some 
pages—and followed discussion human requirements 
and the many factors which modify them. The later part 
each chapter deals with the specific deficiency disorder, and 
associated conditions, with laboratory tests for detecting 
deficiencies, with treatment, and finally with the often unduly 
and unjustifiably large number conditions which treatment 
with specific vitamin has been claimed successful. 

While wondering the immense amount work that has 
gone into the production this book—it contains 4,500 
references—one cannot pretend that all the original papers 
referred have been dealt with very critically that the authors 
have been uniformly successful their presentation material. 
With the sections devoted the vitamin-deficiency disorders 
there can fault find, and the photographs illustrating 
them are not only among the best have seen, but are beautifully 
reproduced. the other hand, for example, the discussion 
the part played thiamin, riboflavin and nicotinic acid 
the enzyme systems which they form essential parts 
several respects misleading. The evidence upon which adenylic 
acid included vitamin somewhat tenuous even for the 
pigeon, and there are one two papers which reference might 
have been made the section ascorbic acid. personal 
criticism the continued use vitamin for thiamin and 
vitamin for ascorbic acid. 

is, however, ungenerous look for small faults what 
undoubtedly the best and most comprehensive account the 
vitamins their relation medicine the English language. 
Anyone who has copy this book will find himself, like the 
reviewer, referring more and more. will also find—like 
the reviewer—that the information seeks, together with 
references several original papers bearing upon the point, 
will easy find Bicknell Prescott. 
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RADIOTHERAPY CANCER 
The X-Ray Treatment Accessible Cancer 


Waldron Smithers. LONDON, EDWARD ARNOLD CO., 1946 
147 PAGES; 102 ILLUSTRATIONS. cm. £2. 


(i) General principles of treatment of accessible cancer; (ii) apparatus 
(iii) classification of accessible cancer, staging, records and assessment of results 
(iv) dosage and the biological response tumours irradiation (v) 
of the skin ; (vi) cancer of the lip, nose, ear, eyelids and cornea ; (vii) cance: 
of the external genitalia ; (viii) cancer of the mouth ; (ix) cancer of the cerv: 
uteri ; (x) the x-ray treatment of cancer made accessible by surgical exposure 
(xi) the treatment of lymphnode metastases. Appendix. Bibliography. Index 

Radiotherapy still regarded many medical 
the enfant modern medicine, and not withou 
some justification. the control unsuitable guardians thi: 
relatively young branch medicine has made, and continues 
make, serious mistakes. the hands the trained radio 
therapist, however, with growing insight into the rationale 
biological action, the infant being tamed and can 
upon his work, and not commit the apparently capri- 
cious indiscretions which were frequent his early days. 
trends are emphasized Dr. Smithers’ book, which 
show the success which can achieved using modern 
apparatus, up-to-date physical knowledge, and recently developed 
methods cytological investigation association with perfected 
and ingenious technical methods. 

The beautiful illustrations show clearly the type case 
treated, and the descriptions physical factors involved are 
clear and concise, but lacking one important particular, viz. 
the number treatments given. This omission which 
should rectified view the importance likely attach 
this factor fractional x-ray treatment. (See Gray, 
(1944), Brit. Radiol. 17, 327). The description the x-ray 
apparatus and applicators used clear, concise and wel! 
illustrated, and the isodose curves produced Mayneord and 
his colleagues are clearly shown, with interesting combinations 
the fields the short-distance x-ray beams. Similar com- 
binations are not shown for other types x-ray beam, although 
the use the 200 beam the treatment mouth cancer 
from outside could usefully illustrated such book. The 
elegant devices for ensuring precision treatment (the lens 
filter, moulds for positioning, and protection devices) deserve 
special mention, does the emphasis placed suitable records 
and their statistical treatment. The cytological investigations 
referred are two types: the differential cell-counts the 
Spear and Glucksmann school, and the chromosome-break 
investigations Koller. Their use not clearly emphasized. 
however, and one differential count (Fig. 39), which obviously 
unfavourable, and yet seemed associated with favourable 
clinical response, requires some modification the 
theory produce the truth the matter. 

short account the action radiation malignant cells 
puts very clearly the salient points recent discoveries Lea 
and Catcheside, Mitchell, Casperson and Santesson, and Koller. 
which should very useful those unacquainted with this 
work. refreshing find statistical test results book 
this nature, but would sounder compare the figures 
fractionated- with single-treatment results skin cancer 
the same rather than different clinics. The results would stil! 
show significant difference, although the advantage frac- 
tionation not proved without trials other doses the 
single-treatment method. 

The chapter mouth cancer deals with most difficult anc 
important region too briefly, and the arguments against adequat 
prophylactic treatment lymph nodes are not consistent 
the view later expressed that when the primary growth 
treated external radiation, fields should arranged 
likely sites lymph node involvement”. However, ha: 
been said that consistency the refuge small minds. 

The book monograph rather than text-book, and 
author congratulated clearly and concisely written 
well-illustrated presentation the subject, although within 
limited framework, based his own experience, backed 
sound knowledge and insight into the difficult subject whict 
writes. The publishers and printers also merit commendation 
for the paper, type, illustrations and general format, which 
the pleasure experienced its reading. 

Ellis 
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The Scientific Film Association 
and the Royal Society Medicine 
have been co-operating the 
preparation reference cata- 
logue all the films medical 
Britain. 
Dr. Stanford, who was charge 
this work, gives below brief 
account how was done. 


954 
MAKING CATALOGUE 
MEDICAL FILMS 
BRIAN STANFORD, F.R.P.S. 


Jntil now teacher medicine Britain wishing use 
iim has been unable for lack unified catalogue 
the films available and suitable for his purpose. 
few collections have been listed title, but the vast 
najority films lie unused because their existence 
The difficulty obtaining suitable films has led 
teachers make their own, with various degrees 
uccess but when insistent request has come forward 
make film from university funds, the decision under- 
production has often been impeded because the 
possibility that film the subject might already exist. 
vicious circle thus exists which films are either not made, 
not used made, and reference catalogue seen 
progress. 

This state affairs was well recognized the Medical 
Committee the Scientific Film Association (SFA) that 
their first action after formation 1943 was publish 
appeal the journals for information the location 
medical interest. Replies were collected and filed, 
but real cataloguing was held for lack adequate funds. 
few months later became known that the Royal Society 
Medicine (RSM) was contemplating founding library 
medical films and they too needed catalogue provide 
estimate the work likely involved. was quickly 
evident that co-operation was both feasible and desired, and 
January 1945 nominee the SFA, working SFA 
procedure and financed the RSM, started work. 
March 1946 most the films known exist Britain had 
been viewed and synopsized, and the material collected 
now being prepared for publication the Association 
Special Libraries and Information Bureaux (ASLIB). This 
catalogue will not, however, contain any description the 
cataloguing-procedure, for separate publication describing 
this under consideration, but the meanwhile the con- 
densed description which follows may prove useful other 
countries contemplating the preparation similar catalogue. 


Data Collected 

mere list titles obtained from written replies 
circular not satisfactory. the first place, the title 
given is, about 40% the cases, not the same the title 
the film, which leads much confusion, and secondly the 
title alone gives indication the content the film 
for example Hypertrophic pyloric may 
record visible gastric peristalsis infant, demon- 
record operation for the on. Also 
written synopsis the content the film desirable, because 
the film, unlike book, cannot flicked and 


FILMS 


impression its usefulness gained short glance. 

Yet even this synopsis not sufficient; objective 
summary what the film shows can give indication 
whether shows clearly badly, whether the demon- 
strator’s hand obscures vital sequences, whether the camera 
too far away show plainly the features recording, 
whether the facts are correct but their sequence presenta- 
tion confusing, and on. written criticism the 
teaching value the film, prepared panel competent 
pass judgment, essential complete film catalogue 
this the Appraisal”. The catalogue will also list the 
length the film; its gauge; whether sound silent, 
colour monochrome, copy original and where can 
obtained. With all this information obtained 
necessity for each film, reasonable the same time 
record the authority who made the film, the photographer, 
and similar details (the and valuable 
note the methods and techniques employed making the 
film. 

All this information useful the teacher who seeking 
select the film most appropriate his needs from the 
catalogue listing perhaps four five titles which might 
suitable. enabled narrow his choice only two, 
has saved much and the film library can reduce 
needless circulation films which have nature limited 
projectable life. Cataloguing scientific films therefore 
big undertaking performed properly, but once done the 
work stands for all time, and added new films appear. 


Staff and Equipment 


was thought essential that the viewing each film 
done medical man, for only can interpret the signifi- 
cance the actions portrayed, use the correct technical 
terms writing the summary. This medically-qualified viewer 
was employed full-time the project. order make the 
most intensive use his specialized knowledge, was found 
necessary give him assistants secretary-stenographer, 
copy-typist, and general assistant who was trained 
operate the projector, inspect, repair, pack and despatch 
films, and act messenger and mm. 
silent projector was placed his sole disposal, and sound 
machine was available when necessary. The silent machine 
was fitted with variable speed control (most the viewing, 
even silent films, was done frames/sec.), and reverse- 
and stop-mechanisms, the latter especially being needed for 
noting title, technical adviser, and other credits. The sound 
machine was not used routinely for silent films, firstly because 
many films were bad condition and would not project 
satisfactorily machine having only one line sprockets, 
and secondly because the lamp was overheated the machine 
was used frames/sec. for long intervals. 

Viewing 

Viewing was mostly done small room, screen 
inches [30 cm.], with low level general 
room-illumination. this way extremely bright image 
was viewed from few feet away, with enough local light 
take notes while the film was running. This was essential, 
for synopsis written from memory after the film has finished 
not satisfactory. With little practice becomes easy 
look down the note-pad one’s knees and write while 
the film progress without missing essential steps 
stopping the film for each note written would 
tedious. these rough manuscript notes were added 
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comment the quality and value the film, and arbitrary 
grading merit: 1—excellent, 2—useful, 
usable, and 4—useless. 

This grading and comment was used later compiling 
programmes for the Appraisal Panels these were presented 
with one film from each and 3—so procuring 
balanced opinions the films group were left until 
the main work was covered. The personal opinion and 
grading were made for the use the cataloguer only and were 
never intended for publication any form but the value 
these comments became evident later when the work 
the catalogue became known, and frequent requests for 
assistance programme-compilation were received. 
the comments, unauthoritative though they 
were, were found great value, point which 
emphasizes the need for authoritative appraisals film 
catalogues. 


Compiling the Records 

The manuscript notes were transferred typescript 
the back standard form, which was then filed alpha- 
betically. addition, other cross-references were compiled 
the film-titles were listed numerical order, and were listed 
under subject headings (for instance, film congenital 
torticollis would entered under Obstetrics, Paediatrics, 
and Orthopaedics) the medical man responsible for making 
the film was allocated filing card and the title was put under 
his name. other films with which was connected came 
for viewing, the titles were added this card. 

addition these obvious indexes, two others were found 
essential small card, inches, which was recorded 
the title the film, and the stage cataloguing that had 
reached (i.e. existence known, but not called for 
view held for view returned after viewing and on) 
these were filed alphabetical order and under circum- 
stances allowed out the filing cabinet: the other was 
card inches, which was recorded the title, odd notes 
about the film, where had learnt its existence (e.g. 
word-of-mouth from Dr. from review journal, 
etc.), and the dates which was sent for, viewed, returned 
the owner, etc. This card was filed according the stage 
the film had reached our cataloguing-procedure, that 
could see glance how many films had been sent for, 
how many held for viewing, how many known but not yet 
sent for, and on. this way smooth flow films was 


Films 
MORE FILMS FROM THE INSTITUT 


PASTEUR, PARIS 
955 


Pierre Fonbrune, who showed last January, under the 
auspices the British Council, some the cinemicrographic 
films made Comandon and himself the Institut Pasteur 
Paris, gave two further demonstrations the British Council 
Film Theatre Monday, July. Four the films were 
reviewed earlier number the Bulletin (BMB 812). 
Reviews three more are given here. Applications for the loan 
any these films should made Cinematographic 
Attaché, French Embassy, London. 
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maintained the back these cards were stuck any 
reviews found published, references those reviews. 


Tracing and Handling the Films 


The last-mentioned index card was made out soon 
learnt the existence film, whether chance remark 
from colleague, letter accompanying some other film, 
from published reference. The source information, 
has already been mentioned, was added. this way 
news the existence film was recorded instantly, and 
the film itself could traced leisure. The title was entered 
pencil, for the title first heard was rarely the same that 
the film when arrived. This true title was typed on, and 
the first-mentioned was known widely used 
was also filed separate card cross-reference the 
true title. This was often found necessary, for film would 
listed two different catalogues with slightly different 
titles, and became important recognize whether they 
referred two different films were only variants the 
same title. 

The owner the film was sent form which the purpose 
the cataloguing was explained, and which was asked 
give few details about the film and say whether 
would willing lend for viewing. practice this 
permission was not once refused, but was important 
remember all times that the films were private property 
and lent act courtesy the voluntary nature the 
scheme underlay all our actions. The film was eventually 
sent for, and arrival inspected, cleaned, and where 
necessary spliced before viewing. aimed, wherever 
possible, return the film better condition than arrived 
this was usually not difficult, for they often came neglected 
condition. After viewing, they were rewound and returned 
registered post, and covering letter was sent separately 
thanking the owner for the loan. 

this way some 1,200 titles were recorded fifteen 
months, and 800 films were viewed and synopsized. Appraisal 
was started according the system evolved the Scientific 
Film Association, but only one subject-group, films 
anaesthesia, was covered before the main work cataloguing 
was completed, and the information far gathered prepared 
for publication. Appraisal being continued the 
Scientific Film Association, who have undertaken 
responsibility keeping the catalogue up-to-date. 


The film chiefly devoted karyokinesis the mother cell: 
producing erythrocytes the Triton. Abundant feeding afte: 
several months starvation produces active growth 
haemopoietic well other tissues, making easier the task 
catching the cells when they divide. light compression 
cells are immobilized, and chromosomes, mitochondria and 
rotation the nucleus before division are demonstrated. 

The movement speeded up, and considerable interes 
notice lively movement leucocytes dancing across the field 
Nuclear division small amoeba, acanthamoeba, also shown 

This film probably represents the best possible results 
obtained these methods photography, and conveys, 
only the film can, vivid over-all impression for the student 
this fundamental event life, and for the research biologis 
the event, otherwise difficult record, for close stud 
leisure. 
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AMOEBA VERRUCOSA 


The amoeba seen engulfing long particles alga. The alga 
seized and actively pulled into the amoeba—which answers 
old problem whether the food the amoeba penetrated 
into passive physical means. The long piece alga 
engulfed and coiled the amoeba, but this coiled-up strip 
under tension and sometimes comes undone and bursts the 
amoeba open. The damage is, however, rapidly repaired, and 
amoeba soon starts eating again. 


PHAGOCYTOSE 


This film shows speeded-up photography blood. Attention 
given chiefly the polymorphs. Then amoeboid movements 
shown, and lower-power view their active travelling 
bout demonstrated. the use special micropipette, two 
orts bacteria are introduced, and the leucocytes gather round 
dispose them. 
closer analysis the differential phagocytosis different 
would possible this method and would 
onsiderable interest. 
The monocyte not demonstrated, but some lymphocytes 
ome casually into the field, and they show mobility and active 
movements the nucleus. These are important 
for has been considered that the lymphocyte 
immobile, and that the lobulated lymphocytes seen lymphatic 
are essentially abnormal forms. 
The film would considerable value for teaching, and 
hoped that the Institut Pasteur will make (and the 
films) available UNESCO for circulation throughout 


world. 
Ronald 


HEALTH EDUCATION FILMS 


956 
Your Children’s Ears 


made Realist Film Unit, 1945 owned and produced the 
Central Office Information for the Ministry Health, 
co-operation with the Central Council for Education 
mm. sound, 540 ft. (160 m.) mm. sound, 1,340 ft. (400 m.) 
black and white minutes. 


This one series health films designed mainly 
instil into parents the need for obtaining medical advice about 
certain childish ailments infirmities early stage. 

The film shows, means diagrams, the mechanism 
hearing and how this can interfered with neglect what 
appear comparatively trivial matters. The diagrams are 
clear and explain straightforward simple manner how the 
complicated ear works. 

The films would not only suitable for showing audiences 
Maternity and Child Welfare Clinics and Women’s Institutes, 
but might with some advantage shown medical students 
when they are working this subject. 

The principal message, that one should seek medical advice for 
all ailments the ear the throat, well emphasized and the 
film should popular addition any health demonstration. 
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Your Children’s Eyes 


made Realist Film Unit, 1945 owned and produced the 
Central Office Information for the Ministry Health, co- 
operation with the Central Council for Health Education mm. 
sound, 690 ft. (210 m.) mm. sound, 1,710 ft. (510 m.) black 
and white minutes. 


FILMS 


This film opens with number shots showing how children 
with indifferent sight are handicapped school and their 
normal life. emphasizes the need for parents seek medical 
advice for their children they are any doubt whether they 
can see properly. number shots are given showing the good 
effect glasses defective eyes. The film also explains, 
series simple diagrams, the mechanics the common squint, 
and conveys this information way which, although simple, 
could usefully employed the training medical students 
and others interested ophthalmics. The proper correction 
this defect means appropriate lenses explained simply 
means diagrams. The commentary well done and the 
photography is, generally speaking, good. 

This film should serve valuable purpose explaining 
simple terms the structure, function and common defects eyes 
and should encourage mothers take their children 
hospital they suspect their vision not perfect. 


958 
Your Children’s Teeth 


made Realist Film Unit, 1945 owned and produced the 
Central Office Information for the Ministry Health, 
co-operation with the Central Council for Health Education 
mm. sound, 500 ft. (150 m.) mm. sound, 1,260 ft. (380 m.) 
black and white minutes. 


The importance early regular and frequent visits the 
dentist the main message this film. 

The eruption the milk and permanent teeth shown 
means diagrams and the process which decay set 
well shown means animated cartoons. Practical instruction 
the proper way brush the teeth given and the film could 
usefully shown any audience parents children. 

The method cleaning the teeth rotary movement 
always seems make that operation rather more difficult than 
need be, and seems pity exclude the more straightforward 
ways handling the toothbrush. 

The photography good and the diagrams are clear. 


959 
The Microscope 


made and owned Realist Film Unit, 1945; mm. sound, 
410 ft. (120 m.) mm. sound, 1,040 ft. (310 m.) black and 
white minutes. 


The compound microscope used extensively pupils 
senior schools and universities, yet exceptional for them 
given clear instruction its use when first they meet it. This 
film provides much that necessary introduction. divided 
into three parts spaced blank film that the teacher may 
stop each stage answer questions, and teaching notes and 
wall chart (which appears the film) are provided 
integral part the visual unit. The first part the film demon- 
strates the mechanical and optical components 
drawtube, stage, condensor, objective, eyepiece) and the lighting 
unit (lamphouse, bulb, iris, filter-holder). The second part shows 
how set the microscope for observation, and advocates 
definite routine which the object first focussed while illumi- 
nated simple transmitted light, and then the plane the illumi- 
nator iris focussed the sub-stage condensor into the plane 
the object. The stages the manipulation needed are clearly 
shown, and the proper use sub-stage and lamp-source irises. 
Part three devoted the adjustment the high-power 
objective. the value accurate focussing the sub-stage 
condensor advocated part two reinforced, for the focussing 
done the aerial image the illuminant instead the 
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FIG.2. HIGH POWER FOCUSSING 
The image pencil moved front the 
light source easy locate even with 


objectives very small depth focus. 
When brought into sharp focus the 
image the specimen flashes into view. 


object this easily achieved moving pencil-point the 
plane the illuminator iris. Once this picked the real 
object will seen, and only minor adjustment the fine focus 
needed. this way damage the slide (and the objective) 
accidental rapid passage through the plane focus avoided. 
This essentially elementary introduction—dark-ground 
and oil-immersion techniques are not mentioned—which will 
widely welcomed all biology training centres, for the informa- 
tion clearly and accurately presented. But may regretted 
that the construction objective demonstrated taking 
one pieces, for this manoeuvre that should not 
encouraged, and lens shown section would have done just 
well; while demonstration the amazing precision the 
fine-focus adjustment mechanism could well have been included. 
Brian Stanford 


960 
began the Clyde 


made Greenpark Production, owned the Central 
Office Information for the Department Health for Scotland 
mm. sound, 540 ft. (160 m.) mm. sound, 1,350 ft. (400 m.) 


black and white minutes. 


the outbreak war 1939 the hospital services Britain 
were completely reorganized and large numbers new hospitals 
established outside the cities treat the expected war casualties 
from both civilian and military sources; fortunately these 


was kept idle result. 1941 black-out conditions were 
disorders among factory workers, and the depleted civilian 


Corrigendum 


facilities were not immediately needed, but much skilled staff 


FIG. FOCUSSING THE CONDENSER 


When the pencil image sharp focus the 
image the lamphouse opening the 
plane the slide. This gives maximum 
illumination. 


medical service was unable devote the time required for 
reassuring each these patients. Glasgow decided that 
experiment few such patients should admitted their doctor’s 
request into the almost empty Emergency Medical 
hospitals, least until such time direct war casualties arrived 
greater numbers. This film shows how the scheme was con- 
ceived and worked, and follows the treatment one patient 
admitted E.M.S. hospital. Here investigated sce 
whether his apparently nervous symptoms have any organic 
basis, given appropriate physiotherapy, good food and 
plenty rest country surroundings. Under this régime his 
symptoms subside and returns work. This pilot scheme 

worked well that later was extended include surgical 
cases from the hospital waiting-lists addition these problem 
patients referred local doctors. This step also proved its 
worth, and the Department Health for Scotland then applied 
the Clyde Basin Scheme, this pilot system had come 
called, the whole E.M.S. Scotland. The film ends with 
plea that although this method treating town patients 
country surroundings was successfully started under the stress 
reversion peace-time conditions must not allow the system 
lapse. 

some extent this film fails carry conviction, partly 
cannot remember that conditions were bad 1941 
depicted here, and partly because the leading actor 
But the film, which has been used one the 
the Ministry Information, should widely appreciated 
these mechanistic times for the strong case puts that 
attractive food, and pleasant surroundings are just 
drugs and surgery helping cure sick man. 


Brian Stanford 
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Guide the Journals 


Annals Eugenics 
August 1946 
Familial data on 144 cases of anencephaly, spina bifida and congenital hydro- 
cephaly. (L. S. Penrose) 73-98 
a a frequencies in New Zealand and Maori soldiers. (E. J. Godley) 


A serological and genetical study of multiple antibodies formed in response to 
blood transfusion by a patient with lupus erythematosus diffusus. 
(S. T. Callender & R. R. Race) 102-117 

Scores for ranked data in school examination practice. (F. Sandon) 118-121 

The cumulants of the distribution of Fisher’s ‘‘ u4,,”" and “‘ uy,” scores used in 
the detection and estimation of linkage in man. (J. B. S. Haldane) 122-134 

Pedigree of nystagmus, myopia and congenital eye defects with mental deficiency. 
(1. S. McGregor) 135-140 

appearances maternal and foetal incompatibility. (L. Penrose) 

Genetical antigenic incompatibility as a possible cause of the toxaemias occurring 
late in pregnancy. (H. Kalmus) 146-149 

The fitting of gene frequencies to data on rhesus reactions. (R. A. Fisher) 150-155 

Microspermia in an individual from a family of unusually high sex ratio and low 
fertility. (H. Harris) 156-159 

Annals the Rheumatic Diseases 


March 1946 

fhe nature of fibrositis. Il. A study of the causation of the myalgic lesion 
(rheumatic, traumatic, infective). (M. Kelly) 69-77 

Weltmann coagulation reaction in rheumatoid arthritis. (O. Lucchesi, M. Lucchesi 
Bailonie) 78-82 

The formol-gel test on plasma and serum in rheumatic cases. Correlation 
studies and a suggestion that non-rouleaux-forming pathological globulins 
may be of significance in rheumatism. (H. J. Gibson & R. M. Pitt) 83-87 

Necrobiotic nodules of rheumatoid arthritis type with lipoid deposition. 
(E. Fletcher) 88-95 

Fibrositis and 8-diethylaminoethyl dehydrocholate. (H. Coke) 96-98 

The cold-reaction test for peripheral vasomotor disturbances in rheumatism. 
(A. Woodmansey) 99-102 

Ankylosing spondylitis. Review. (W. Tegner) 103-104 P 

Annals Tropical Medicine and Parasitology 
July 1946 

Taxonomy of the Ethiopian sandflies (Phlebotomus). II. Keys for the identifica- 
tion of the Ethiopian species. (R. Kirk & D. J. Lewis) 117-129 

The experimental infection of rats with Entamoeba histolytica; with a method 
the anti-amoebic properties new compounds. (W. Jones) 


Salivation by Glossina morsitans on to glass slides: a technique for isolating 
infected flies. (E. Burtt) 141-144 

Studies on synthetic antimalarial drugs. XVI. The absorption, distribution and 
excretion of 
=" (3349) in experimental animals. (A. Spinks & M. M. Tottey) 

Studies on synthetic antimalarial drugs. XVII. The absorption, distribution and 
excretion of N,-p-chlorophenyl-N,-methyl-N,-isopropylbiguanide (4430) in 
experimental animals and man. (A. Spinks) 153-162 

Some notes on the maintenance and breeding of schistosome vectors in Great 
Britain, with special reference to Planorbis guadaloupensis Sowerby. (S. G. 
Cowper) 163-170 

A further note on the nomenclature and identity of the frog filaria Foleyella leiperi 
(Railliet, 1916). (S. Cowper) 171-172 

Mepacrine in animal tissues. (Army Malaria Research Unit, Oxford) 173-180 

-—~ ow of mepacrine in blood. (Army Malaria Research Unit, Oxford) 

1-18 

Suppression of benign tertian malaria with mepacrine : an investigation of 247 
cases of apparent failure. (M. Brown & J. L. Rennie) 190-198 

Cc —— metabolism in bovine trypanosomiasis. (F. R. Bell & E. R. Jones) 

An apparatus for collecting blood-sucking mites. (D. S. Bertram) 209-214 

Prolonged oral administration of mepacrine. LII. The clinical effects in women. 
(Army Malaria Research Unit, Oxford) 215-218 

The maintenance of a colony of Phlebotomus papatasii in Great Britain. 
(K. Unsworth & R. M. Gordon) 219-227 

The biology and maintenance of Liponyssus bgcoti Hirst, 1913, and an investiga- 
tion into its role as a vector of Litomosoides carinii to cotton rats and white 
rats, together with some observations on the infection in the white rats. 
(D. S. Bertram, K. Unsworth & R. M. Gordon) 228-254 

Interference with the trypanocidal action of y-(p-arsenosophenyl) butyric acid by 
p-aminobenzoic acid. (J. Williamson & E. M. Lourie) 255-264 

Archives Disease Childhood 
June 1946 
Pulmonary agenesis and hypoplasia. (C. E. Field) 61-75 
A fatal case of beriberi in a child in England. (E. C. Allibone & H. S. Baar) 76-87 


Penicillin and sulphonamides in the treatment of infections in infancy. (E. C. R. 
Couper) 88-97 


eee aspect of allergic skin reactions in childhood. (B. Woodhead) 


ae of prematurity. A plea for standardization. (J. L. Henderson) 
105-109 


Malnutrition in children under three years of age in Ashanti, West Africa. 

The incidence of congenital pyloric stenosis. (G. Davison) 113-114 
Dental fluorovis. (H. Sainsbury) 115-117 
Pyocolpos in infancy. (I. P. Todd) 118-1 19 

Biochemical Journal 
Partial Index 
1946 

Chemical constitution and fungistatic action of organic sulphur compounds. 

(W. H, Davies & W. A. Sexton) 331-334 
Studies in penicillin production by Penicillium notatum, in surface culture. 
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1. A preliminary study of the metabolism of carbon, nitrogen, sulphur and 
phosphorus. (D. J. D. Hockenhull) 337-343 

A method for the determination of fat in faeces. (F. S. Fowweather & W.N. 
Anderson) 350-351 

The solubilization of polycyclic aromatic hydrocarbons by purines. (H. Weil- 
Malherbe) 351-363 

Effects of purines on fluorescent solutions. (H. Weil-Malherbe) 363-368 

The influence of biotin upon the relative lipotropic effects of choline and inositol. 
(C. H. Best, C. C. Lucas, J. M. Patterson & J. H. Ridout) 368-373 

bes Oe of some antimalarial drugs by riboflavin. (J. Madinaveitia) 

The isolation of pregnane-3(a)-ol-20-one from the hydrolysis products of ‘‘ sodium 
pregnanediol glucuronidate”’. (G. F. Marrian & N. Gough) 376-380 

The inhibition of urease and succinoxidase by metabolic products of p-dimethyl- 
Pra and by some related amines. (L. A. Elson & C. Hoch-Ligeti) 

The calcium and nitrogen content of human bone tissue cleaned by micro- 
dissection. (S. L. Baker, E. C. Butterworth & F. A. Langley) 391-396 

The cerimetric determination of glucuronic acid, using the Conway burette. 
(G. A. Levvy) 396-400 

The recognition of material present in horse muscle affecting the formation of 
—_ by a strain of Clostridium welchii. (H. J. Rogers & B. C. J. G. Knight) 

406 

The metabolism of sulphapyridine in the rabbit. (H. G. Bray, F. C. Neale & 
W. V. Thorpe) 406-413 ’ ; 

A note on the cerimetric determination of blood glucose. (R.H. Nimmo-Smith) 
414 

Effect of mastication on the ascorbic acid content of raw vegetables. (G. N. 
Jenkins) 415-419 

The tryptophanase-tryptophan reaction. 7. Further evidence regarding the 
mechanism of the enzymic degradation of tryptophan to indole : criticism of 
the theory that §-o-aminophenylacetaldehyde is the indole-forming inter- 
mediate. (J. W. Baker, F. C. Happold & N. Walker) 420-426 : 

Comparative microbiological assays of members of the vitamin B complex in 
yeast and liver extracts. (W. B. Emery, N. McLeod & F. A. Robinson) 
426-432 

The sedimentation constant of insulin. (H. Gutfreund & A. G. Ogston) 432-434 


Brain 
March 1946 


The somatic receiving area in the brain of the Shetland pony. (E. D. Adrian) 1-8 

The clinical signs of meningeal irritation. (J. E. A. O’Connell) 9-21 

The development of the substantia nigra. (E. R. A. Cooper) 22-33 : 

The development of the human red nucleus and corpus striatum. (E. R. A. Cooper) 
34-44 

Accessory optic tracts in the human foetus. (E. R. A. Cooper) 45-49 ’ 

The development of the nuclei of the oculomotor and trochlear nerves (somatic 
efferent column). (E. R. A. Cooper) 50-57 


Neurology and psychiatry. Their common problems. (A. Paterson) 58-69 


British Dental Journal 
19/7/46 
Solitary bone cysts in the mandible. (M.A. Rushton) 37-49 
Orat penicillin : indications and limitations. (A. B. MacGregor) 49-51 
2/8/46 
The application to civilian practice of some dental lessons of the last war. 
(J. T. Wood, R. A. Broderick & M. A. Rushton) 73-81 
16/8/46 
The application to civilian practice of some dental lessons of the last war. 
(W. Harvey) 111-122 
ee ty operation for the correction of mandibular prognathism. (C. B. Henry) 
123-124 : 
My visit to the Joint Convention of the Canadian and Ontario Dental Associa- 
tions, May 24-30, 1946. (E. J. Cloke) 125 


British Heart Journal 


July 1946 
The action of magnesium on the heart. (P. Szekely) 115-124 
Ruptured congenital aneurysm of the posterior sinus of Valsalva. (R. N. Herson & 
M. Symons) 125-129 
Healed dissecting aneurysm. (M. Cassidy & J. Pinniger) 130-140 
Silent dissection of the aorta. (J. Hoskin & F. Gardner) 141-146 
The genesis of the normal electrocardiogram. (A. Hill) 147-156 
Heart-vector and leads. (H. C. Burger & J. B. van Milaan) 157-161 
The heart in sternal depression. (W. Evans) 162-170 


British Journal Dermatology and Syphilis 


May-June 1946 
Prospect and retrospect. Lecture I. (H. MacCormac) 97-111 
Erythema gyratum perstans (Colcott Fox): a case report, with discussion on 
relations with erythema centrifugum annulare (Darier) and dermatitis herpeti- 
formis. (R. Klaber) 111-121 
Lupus erythematosus : treatment with penicillin. (D. Stone) 122-123 


July-August 1946 
Prospect and retrospect. Lecture Il. (H. MacCormac) 147-160 
Recurrent aphthous ulceration of oral mucous membrane and genitals associated 
with recurrent hypopyon iritis (Behcet’s syndrome). Report of three cases. 
(I. Katzenellenbogen) 161-172 
Myxoedema circumscriptum thyrotoxicum. (E. L. Cohen) 173-182 
Dermatology in B.L.A. (F. F. Hellier) 183-192 


British Journal Experimental Pathology 
June 1946 


Comparison of the tumours produced by 2-acetyl-amino-fluorene in piebald and 
Wistar rats. Bielschowsky) 135-139 

Investigation into the production of bacteriostatic substances by fungi. Preliminary 
examination of the fifth 100 species, all basidiomycetes, mostly of the wood- 
destroying type. (W. H. Wilkins) 140-142 

Shope papilloma and sheep dermatitis in the rabbit: mutual interference, 
superinfection, and effects of chemical pre-treatment of the skin. (F. R. Selbie) 
143-154 

The effect of feeding carcinogenic hydrocarbons dissolved in aqueous soap 
solution on the stomach of CBA mice. (S. Beck) 155-157 ‘ , 

Renal effects of protein-deficient vegetable diets : a functional and histological 
study. (S. E. Dicker, H. Heller & T. F. Hewer) 158-169 
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Observations on the acidophil cell changes in the pituitary in thyroxine deficiency 
states. I. Acidophil degranulation in relation to goitrogenic agents and 
extrathyroidal thyroxine synthesis. (H. D. Purves & W. E. Griesbach) 170-179 

The influence of methylation on carcinogenic activity. 1. N-methyl-3 : 4: 5 : 6- 
dibenzcarbazole. (A. H. M. Kirby & P. R. Peacock) 179-189 

Faecal urobilinogen : clinical evaluation of a simplified method of estimation. 
(N. F. Maclagan) 190-200 

Some observations on the blood-clotting mechanism. The role of fibrinogen 
and platelets, with reference to a case of congenital afibrinogenaemia. (J. L. 
Pinniger & F. T. G. Prunty) 200-210 


British Journal Industrial Medicine 
July 1946 

Manganese pneumonitis. (T. A. L. Davies) 111-135 

The disappearance of sulphemoglobin from the blood of TNT workers in relation 
to the dynamics of red cell destruction. (E. M. Jope) 136-142 

Effects of heat on wireless telegraphy operators hearing and recording morse 
messages. (N. H. Mackworth) 143-158 

\ method for studying vibrations transmitted to the hands. (J. N. Agate & H. A. 
Druett) 159-166 

Raynaud's phenomenon in grinders of small metal castings. A clinical and 
experimental study. (J. N. Agate, H. A. Druett & J. B. L. Tombleson) 167-174 

\ report of three cases of accidental poisoning by sodium tellurite. (J. H. H. 
Keall, N. H. Martin & R. E. Tunbridge) 175-176 

Some toxic effects of vanadium pentoxide. (H. Wyers) 177-182 

Toxic manifestations of osmium tetroxide. (A. I. G. McLaughlin, R. Milton & 
K. M. A. Perry) 183-186 

\n apparatus for the maintenance of a carbon dust cloud of constant concentra- 
tion. CH. A, Druett & J. Me.G. Sowerby) 187-193 


British Journal Ophthalmology 


August 1946 

The perioptic atrophic ring and its relationships. (R. Pickard) 437-445 

Arabian ophthalmology. (W. B. I. Pollock) 445-456 

Occupational therapy in eye wards. (W.O. G. Taylor) 456-461 

use contact corneal X-ray localization intra-ocular foreign 
bodies. (J. L. Reis) 462-464 

A case of chondroma bulbi. (A. Ajo) 465-470 

The diagnostic and clinical value of some forms of retinal angiospasm. (N. Pines) 
470-476 

Report on a case of hydrophthalmia (buphthalmos). (E. Epstein) 476-478 

or wey sis apparatus devised for retinal detachments. (G. Gordon-Napier) 


British Journal Pharmacology and Chemotherapy 
March 1946 
Analgesic action of pethidine derivatives and related compounds. (A. D. 
Macdonald, G. Woolfe, F. Bergel, A. L. Morrison & H. Rinderknecht) 4-14 
Chemotherapeutic action of dyes in typhus infection of mice. (C. H. Andrewes, 
H. King & J. Walker) 15-20 
—— guanidines and adrenaline inactivation in the liver. (G. S. Dawes) 
‘Observations on the isolated phrenic nerve diaphragm preparation of the- rat. 
(E. 38-61 
The effect of ethanol, methanol, paraldehyde and acetone on the pressure of the 
cerebrospinal fluid of the dog. (T. H. B. Bedford) 62-64 
Chemotherapeutic action of amidine and phenanthridinium compounds in 
T. congolense infections. (R. Wien) 65-80 


June 1946 
The variation in the toxicity of phosgene for small animals with the duration of 
_ exposure. (E. Boyland, F. F. McDonald & M. J. Rumens) 81-89 
Synthetic substitutes for quinidine. (G. Dawes) 90-112 
os =: of analgesic activity in new synthetic drugs. (R. H. Thorp) 
Methyl-thiouracil and thiouracil as antithyroid drugs. (G. E. Glock) 127-134 
Automatic apparatus for pharmacological assays on isolated preparations. 
(H. O. Schild) 135-138 
Sulphonamides in the treatment of caecal coccidiosis of chickens. (C. Horton- 
Smith & E. Boyland) 139-152 


British Journal Physical Medicine and Industrial Hygiene 


July-August 1946 
Acute arthritis in adults. (G. D. Kersley) 98-100 : 
Ciena seetands in the treatment of so-called psychosomatic states. (G. Evans) 
Physiotherapy in rheumatic diseases. The choice of suitable methods at various 
Stages. (L. Schmidt) 104-110 
Medical certificates for women in industry. (H. W. Hills) 111-114 
The evaluation of actinotherapy. (W. Beaumont) 115-118 


British Journal Radiology 


August 1946 

~ phy ae in the radiodiagnostic department. (M. H. Jupe & L. A. W. Kemp) 

Calcium gluconate injection into muscle. (J. W. McLaren) 314-317 

A simple and accurate method for the localization of intra-ocular foreign bodies. 
(G. Scott Flood) 318-322 

“ Milk of calcium” or “ limy ” bile. (J. A. G. F. Rose) 323-325 

A note on radiography as an aid to beam direction in radiotherapy. (H. G. Davies 
& M. Halberstaedter) 326-328 

The effect of extra vitamin B feeding on rats exposed to weak gamma radiation. 
(G. Scott) 329-332 

The preparation of radiosulphur (S**) and its determination in biological tracer 
experiments. (T. E. Banks) 333-338 

Assessment of dosage from linear radium sources. (R. G. Mitchell) 339-342 

A computor for X-ray isodose curve production. (J. H. Martin) 343-346 


British Journal Surgery 
July 1946 
The hazards of parachuting. (P. Essex-Lopresti) 1-13 
inguinal hernia. The unpredictable result. (W. J. M. Brandon) 13-18 
The surgical treatment of carcinoma of the oesophagus with special reference 
to a new operation for growths of the middle third. (I. Lewis) 18-31 
Chronic osteomyelitis, the sequel to a gunshot wound. (G. Perkins) 31-34 


A study of the fate of nerve homografts in man. (R. Barnes, P. Bacsich, G. M. 
Wyburn & A. S. Kerr) 34-4 

Analysis of a series of 454 inguinal herniae with special reference to morbidity 
and recurrence after the whole skin-graft method. (G. B. Mair) 42-48 

A case of Albright’s syndrome (osteitis fibrosa disseminata). (R. C. Murray. 
H. J. R. Kirkpatrick & E. Forrai) 48-57 f 

Saccular diverticulosis of the jejunum due to reticulum-cell sarcoma. (A. G. 
Williams & J. H. Fodden) 57-60 

A further review of the interinnomino-abdominal operation, based on 21 persona! 
cases. (G. Gordon-Taylor & D. H. Patey) 61-69 

A discussion on the treatment of injuries to the hand. (F. T. Moore) 70-74 

Dislocation of the inferior radio-ulnar joint. (J. F. Curr & W. A. Coe) 74-77 

A case of acute anaerobic streptococcal infection of the neck of dental origin 
(C. G. Boothroyd & C. Macleod) 78-80 

Derangement of midgut rotation producing volvulus. A report of two cases 
(C. E. P. Markby) 80-83 

Resection of the head of the pancreas. (C. A. Pannett) 84-87 

Brodie’s disease of the breast. (D. Aiken) 87-90 


British Medical Journal 
22/6/46 
Some aspects of chemistry related to medicine. (R. Robinson) 943-945 
Lumbo-sacral root pain. (J. MacD. Holmes & B. R. Sworn) 946-948 
Treatment of Sonne III bacillary dysentery and bacillary dysentery (‘‘ clinical *’) 
with phthaly! sulphathiazole. (J. Brodie, R. P. Cook, C. F. Drysdale & D. G 
McIntosh) 948-950 
Bacteriology of stomach and duodenum in cases of peptic ulcer and gastric 
carcinoma. (M. Barber & R. H. Franklin) 951-953 
Treatment of branchial cleft cysts by aspiration and injection of pure carbolic 
acid. (T. F. Jarman) 953-954 


29/6/46 

Rees: experiences in the Central Mediterranean Force. 1. (H. D. Chalke) 
977-980 

Duodenal ulceration : a gastroscopic study of the gastric mucosa and its surgica! 
significance. (H. Freeman) 980-982 

Theory and nomenclature of the Rh types, subtypes, and genotypes. (A. S. 
Wiener) 982-984 

The Rh factor and hepatomegaly and splenomegaly in children and adolescents. 
(R. J. Drummond & A. G. Watkins) 984-986 

Tuberculosis in service men: preliminary report. (H. C. Mukerji) 987-988 


6/7/46 

The evolution of clinical medicine as illustrated by the history of epilepsy 
(G. Holmes) 1-4 

Typhus : experiences in the Central Mediterranean Force. Il. Typhus in Italy 
and the Balkans. (H. D. Chalke) 5-8 

Penicillin in treatment of severe diphtheria. (R. J. Dodds) 8-10 

A short survey of trilene in general practice. (A. Barratt & S. H. B. Platts) 10-12 

Undulant fever complicated by acute transient attacks of aphasia and, during 
convalescence, by deafness, tinnitus, and paraesthesia. (G. J. Dixon & R. Roaf) 


12-13 
13/7/46 
Progress of aviation medicine in the Royal Air Force and its application to the 
problems of civil aviation. (H. E. Whittingham) 39-45 
Inadequate feeding in hospitals. A study of contributory factors. (J. A. 
Stevenson, J. Whittaker & R. Kark) 45-47 
The itchy patient. (H. MacCormac, P. H. Sandifer & A. M. Jelliffe) 48-49 
Tropical ulcers and penicillin. (J. G. Webb) 49-50 
Angioblastoma of the breast complicating pregnancy. (J. B. Enticknap) 51 
Psychiatric cases referred by after-care officers in region 7. (F. Bodman) 59-60) 


20/7/46 

Total war on cancer. (G. F. Stebbing) 77-79 

Some observations on liver function tests in diseases not primarily hepatic. 
(A. B. Carter & N. F. Maclagan) 80-82 

Rheumatic fever in the R.A.F. Results of treatment at a convalescent centre 
(H. S. Barber) 83-84 

Erythroblastosis foetalis. (M. Venters) 84-85 

Achromotrichia in tropical malnutrition. (W. Hughes) 85-87 

The conus medullaris syndrome in spinal contusion. (G. A. Ransome, R. K. A. 
van Someren & J. F. Stokes) 87-88 

Clinical pathology in the hospital surveys. (S.C. Dyke) 95-96 


27/7/46 

A study of the onset and cyclic development of the sprue syndrome. 
(K. D. Keele) 111-114 

Surgery and the relapse rate of malaria. (W. Kark) 114-117 

Vinesthene anaesthesia for repair of hare-lip and cleft palate. (P. F. L. Daplyn) 
117-119 

A case of polyneuritis due to gold. (E. J. R. Leiper) 119-120 

A case of myiasis due to warble-fly larvae. (A. Smith & D. P. Greaves) 120-12! 

Vitamin C nutrition in North-East England. (J. Black) 122 

Psychological reactions in war-blinded. (W. M. Harrowes) 129-130 

An outbreak of infection due to Salm. typhi-murium. (F. E. Camps) 131 


Medicine in transition. (H. Lett) 149-150 

Problems arising from the use of penicillin in gonorrhoea. (R. C. L. Batchelor 
W. H. Donald & M. Murrell) 151-153 

Individual resistance to malignant disease : illustrated by a case in which « 
metastatic deposit from carcinoma the breast occurred the appendi» 
and led to perforation and peritonitis. (M.C. Oldfield) 153-155 

Biliary peritonitis without demonstrable perforation. (D. P. Burkitt) 155-157 

Epidemic pleuritic pain : a review of 17 cases in a military camp, India Command 
(J. Roche Smiddy) 157-158 

A case of human rabies in Sierra Leone. (E. J. Wright & M. Gosden) 158 


Amenorrhoea at Stanley Camp, Hongkong, during internment. (A. Sydenham) 
159 


Some aspects of military otolaryngo.ogy. (R. B. Lumsden) 167 


10/8/46 
Male infertility. (T. N. A. Jeffcoate) 185-191 
Treatment of carcinoma of the prostate by perurethral resection and stilboestr 
(H. T. Cox) 191-194 
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fhe outbreak of smallpox in Middlesex, 1944. (W. H. Bradley, J. O. F. Davies & 
J. A. Durante) 194-196 

A case of mercurial poisoning and its treatment. (R. H. Ellis) 197 

The syndrome known as “ Reiter’s disease”. (A triad of polyarthritis, urethritis, 
and conjunctivitis). (W. P. U. Jackson) 197-199 


17/8/46 

the health of children in war-time day nurseries : a report of an investigation by 
the Day Nurseries Committee of the Medical Women’s Federation, in conjunction 
with W. J. Martin. 217-221 

the aftermath of perforated peptic ulcer. €W. Houston) 221-223 

Meningitis due to a penicillin-sensitive, sulphonamide-insensitive Pittman b 
strain of H. influenzae: recovery. (C. F. Drysdale, D. G. McIntosh & 
J. Brodie) 223-225 

\cute enteritis in subtropical climates. (I. MacGregor) 225-226 

Overdosage with bromides : a report on 59 cases. (E. C. Dax) 226-227 


24/8/46 
\ study of peptic ulcer. (H. Gainsborough & E. Slater) 253-258 
reast milk bank in maternity units. (M. Dynski-Klein) 258-260 
de ay syndrome among prisoners of war in the Far East. (J. A. Page) 
acial palsy accompanying acute mastoiditis, with comments on chemotherapy 
in acute suppurative otitis media. (K. R. Ogilvie) 263 
reatment of pediculosis capitis with D.D.T. emulsion. (A. D. Frazer) 263-264 


31/8/46 
obacco and ulcer dyspepsia. (R. A. Jamieson, C. F. W. Illingworth & L. D. W. 
Scott) 
t we therapy in 301 patients in a general hospital. (D. E. Sands) 
echnique for the use of d-tubocurarine chloride with balanced anaesthesia. 
(T. Gray Halton) 293-295 
: — = of thrombin in the surgery of the ear, nose, and throat. (P. Reading) 
taphylococcal spinal osteomyelitis with acute extradural abscess. (G. Blackburn 
& R. P. Jepson) 297 
7/9/46 


figraine and the sympathetic nervous pathways. (G. F. Rowbotham) 319-322 
rash helmets. (H. Cairns) 322-323 

Venicillin in treaiment of common external eye infections. (J. Minton) 324—326 

tlypersomnia associated with abnormal hunger: the Kleine-Levin syndrome. 
(J. Ronald) 326-327 

ihe xenopus pregnancy test. (R. F. Milton) 328 

Giant urethral calculus in the female. (N.C. Lake) 328-329 


Bulletin Hygiene 
June 1946 


‘zechoslovak medical publications during the German occupation. (J. H. 


Waelsch) 341-344 
Dental Record 
August 1946 


‘\ariations in response. (K. E. Pringle) 187-197 
Discovery and development of penicillin. (E. P. Abraham) 197-200 
Some nineteenth-century incidents. (J. M. Campbell) 200-208 


Edinburgh Medical Journal 


May 1946 

ihe progress of dermatology. (G. H. Percival) 209-221 

\nticoagulant therapy in thrombosis. (J. E. Jorpes) 222-234 

Meningococcaemia. Part III. Bacteriology, serology and aetiology. (W. R. 
Logan) 235-255 

ihe treatment of cholera by intravenous saline injections ; with particular 
reference to the contributions of Dr Thomas Aitchison Latta of Leith (1832). 
(E. D. W. Greig) 256-263 

Obituary. Ralph Stockman. 264-267 


June 1946 


The <i pathology of peptic ulcer and gastric carcinoma. (J. Morley) 
8 


The use of isotopes in biology. (J. H. Gaddum) 284-295 

Some serological aspects of infectious mononucleosis with special reference to the 
use of agglutinin-absorption tests in diagnosis. (G. Dempster) 296-310 

Studies on phagocytosis. (J. W. Czekatowski) 311-324 

Daniel Whistler and his contribution to paediatrics. (H. P. Tait) 325-330 


July 1946 
Valedictory address Can international disputes settled without war—and 
Ligation of the ductus arteriosus. (A. R. Gilchrist) 346-354 
Patent ductus arteriosus and its surgical treatment. (W. Mercer) 355-359 
I ——— under a national! health service. I. A general review. (J. S. Westwater) 
Tuberculosis under national health II. With special reference rural 
areas. (C. Clayson) 371-378 
I a vitamin A estimation in blood. (W. Tomaszewski & L. Dziatoszyfiski) 
The effect of arteriovenous aneurysms on blood volume and blood picture. 
(M. H. Roscoe & G. M. M. Donaldson) 391-396 


Journal Anatomy 
July 1946 


Movements of the tongue in swallowing. (J. Whillis) 115-116 
Motor localization and the effects of nerve injury on the ventral horn cells of the 
spinal cord. (G. J. Romanes) 117-131 
Some effects of pituitary adrenotropic hormone (PATH), extract of suprarenal 
rae colchicine on the haemopoietic system. (J. M. Yoffey & J. S. Baxter) 
ee cycle of the cells of the adrenal cortex in the adult rat. (J. S. Baxter) 
39- 


supply and lymphatic drainage tendons. (D. Edwards) 
The visual paths in a case of unilateral anophthalmia with special reference to 

the problem of crossed and uncrossed visual fibres. (T. Rogalski) 153-159 
The early development of the corpus luteum in the mare. (R. J. Harrison) 160-166 
John Ernest Sullivan Frazer, D.Sc., F.R.C.S. (R.H.R.) 168-169 
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Journal Laryngology and Otology 
December 1945 

Congenital choanal atresia. (A. Durward, O. C. Lord & C. J. Polson) 461-500 

The repair of the depressed nasal bridge. (S. Suggit) 501-503 

Wounds of the mastoid process. (A report on eleven cases). (J. Magill) 504-510 


January 1946 
Penicillin in otorhinolaryngology. (C. A. Hutchinson) 1-17 
Congenital sinuses of the external ear. (M. R. Ewing) 18-23 
a of the labyrinth. Part I. The transtympanic route. (O. Popper) 


Perforation of the aorta by a foreign body in the oesophagus : case report and 
review of the literature. (H. J. Barrie & V. Townrow) 38-42 


Journal Mental Science 
July 1946 


—- - and results of 200 cases of prefrontal leucotomy. (J. Frank) 

An experiment in the vocational adjustment of neurotic patients. (H. Halstead & 
P. Slater) 509-515 

Generalized xanthoma, with a case presenting lesion of the central nervous 
system. (C. E. H. Turner) 516-531 

Social maturity test. (F. Bodman) 532-541 

Lasting lessons of overseas military psychiatry. (S. A. MacKeith) 542-550 

Mental disorder in the adult defective. (J. C. Rohan) 551-563 

Quaker contribution to psychiatric thought and practice. (G. D. Knight) 564-569 

Intracranial aneurysm with minimal signs. (A. Roberts) 570-573 

A study of psychiatric illness in coal miners. (F. Post) 574-584 

Psychiatric casualties in Burma, 1945. (E. Stungo) 585-594 

Pain and its underlying pathology. (G. F. Rowbotham) 595-604 


Journal Neurology, Neurosurgery and Psychiatry 
January 1946 


Lymphocytosis after electrical convulsion. (J. Carse & E. Slater) 1-4 

The relation between the electroencephalogram and muscle action potentials in 
certain convulsive states. (G. D. Dawson) 5-22 

The disorganization of behaviour in fatigue. (D. R. Davis) 23-29 

Some observations on the visual fields in hydrocephalus. (E. B. C. Hughes) 30-39 


April 1946 
Une maladie familiale caractérisée par une angiomatose diffuse cortico-méningée 
non calcifiante et une démyélinisation progressive de la substance blanche. 
(P. Divry & L. Van Bogaert) 41-54 
The subarachnoid dissemination of spinal tumours. (J. E. A. O'Connell) 55-62 
Aetiology and pathogenesis of acute sporadic disseminated encephalomyelitis and 
multiple sclerosis. (M.S. Margulis, V. D. Soloviey & A. K. Shubladze) 63-74 
Re-education in aphasia: a review of 70 cases. (E. Butfield & O. L. Zangwill) 
75-719 


Obstetrics and Gynaecology the British Empire 
August 1946 

Some gynaecological aspects of referred pain. (G. W. Theobald) 309-327 

Investigation of the serum protein balance in normal and toxaemic pregnant 
women. (E. Meller-Christensen & J. E. Thygesen) 328-344 _ a 

Six cases of venous intravasation following intrauterine lipiodol injection. 
(A. Bloomfield) 

Spinal analgesia for forceps delivery in abnormal labour. (A. F. Anderson) 
347-361 

Calcium and phosphorus metabolism in pregnancy. (A survey under war and 
post-war conditions). (E. Obermer) 362-367 

Pulmonary tuberculosis and pregnancy. (A. L. Jacobs) 368-376 : : 

The cause of prolapsus uteri in women in the light of perineal pro!apse in mice. 
(H. Burrows & P. J. Ewers) 377-378 


Journal Pathology and Bacteriology 
April 1946 


The syndrome of leukanaemia: report of a case. (H. Foy, A. Kondi & J. F. 
Murray) 157-166 

The relative susceptibility to phagocytosis of gravis and mitis types of C. diphtheria . 
(J. Orr-Ewing) 167-174 

Relapsing febrile nodular inflammation of adipose tissue (Weber-Christian 
syndrome) : report of a case with autopsy. (H. Ungar) 175-185 een 

A substance in human serum inhibiting staphylocoagulase. (1. Lominski & 
G. B. S. Roberts) 187-197 

The lesions of sheep dermatitis virus infection in the rabbit and guinea-pig with 
particular reference to the tumour viruses. (F. R. Selbie) 199-206 

Thrombosis as a factor in the pathogenesis of coronary atherosclerosis. (J. B- 
Duguid) 207-212 

An experimental study of some effects of acute anhydraemia. (G. R. Cameron, 
F. Burgess & V. Trenwith) 213-220 i 

The ABO blood groups in the United Kingdom ; frequencies based on a very 
large sample. (A. M. Dobson & E. W. Ikin) 221-227 

The collagenase (« toxin) of Cl. welchii type A. (C. L. Oakley, G. H. Warrack & 
W. E. van Heyningen) 229-235 

Laboratory findings in clinical dysentery in Middle East Force between August 
1940 and June 1943. (J. S. K. Boyd) 237-241 

Two cases of multiple myeloma (plasmocytoma) with secondary deposits in the 
dura mater. (E. Armstrong, J. S. Faulds & M. J. Stewart) 243-249 

The effect of temperature on non-specific infections of fish. (K. A. Bisset) 251-258 

Skin and nose carriage of bacteriophage types of Staph. aureus. (R. E. O. 
Williams) 259-268 

The frequencies of bacterial sub-types in a carrier community and their significance. 
(A. A. Miles) 269-273 ; 

Azotoluene bladder tumours rats. (J. Strombeck) 275-278 

The influence of certain antagonistic organisms upon acid-fast bacteria. 
(M. A. Soltys) 278-280 

The incidence of sera containing agglutinins for Br. abortus among samples 
submiued for the Wassermann reaction and the Widal test. (M. A. Soltys) 
281-283 

An intrapericardial teratoma in an infant. (R. A. Willis) 284-286 

Sarcoma of the diaphragm with an intra-aortic metastasis. (A. W. Branwood & 
A. J. Glazebrook) 286-289 

Dissectirig aneurysm of the aorta associated with intracranial aneurysm and 
cerebral haemorrhage. (E. Gardner & S. W. Hardwick) 289-293 

A case of solitary mucus-secreting cystadenoma of the urinary bladder. (A. D. T. 
Govan) 293-295 
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Tuberculosis in an adenolymphoma of the parotid gland. (T. K. Owen) 295-297 
An intramural cardiac aneurysm. (N. H. Martin) 297-299 
Obituary notice. Cecil Price-Jones, 1863-1943. (G. W. Goodhart) 301-309 


Journal Physiology 
105 July 1946 


The partition of potassium between the isolated lung of the dog and its perfusate 

reference the action adrenaline. (C. Hebb Nimmo- 
mit - 

— of dietary restriction upon the incisor teeth of rachitic rats. (J. T. Irving) 


aes — cone components in the electric response of the eye. (E. D. Adrian) 


The presence of a sympathomimetic substance in extracts of mammalian heart. 
(U. S. v. Euler) 38-44 

The distribution of excitation and inhibition in single-fibre responses from a 
polarized retina. (R. Granit) 

An investigation for the presence of a skin protease inhibitory factor in burned 
skin. (A. Beloff & R. A. Peters) 54-57 

Changes in intestinal tone and motility associated with nausea and vomiting. 
(R. A. Gregory) 58-65 

On the occurrence in vitro of cells resembling osteoclasts. (N. M. Hancox) 66-71 

Observations on plasma volume estimations with the dye T 1824. (E. B. Reeve & 
J. Armin) 72-79 

Reflexes elicited by visceral stimulation in the acute spinal animal. (C. B. B. 
Downman & B. A. McSwiney) 80-94 


Journal the Royal Army Medical Corps 
June 1946 


Some practical notes for field ambulance commanders on the medical considera- 
tions in planning, mounting and carrying out combined operations in South- 
East Asia Command. (C. H. Hoskyn) 236-242 

An investigation 'of feet in Trentham military camp with special reference to 
fungus infection. (J. D. Matthews) 243-248 

bee a of typhoid fever with convalescent whole blood. (H. A. Dewar) 

Divisional psychiatry. Report to the War Office. (P. J. R. Davis) 254-274 

An improvised stretcher bed with attachments. (M. S. Holman) 275-276 

The use of D.D.T. for domestic purposes. (L. J. Harrison) 276-277 

July 1946 

Prophylactic selection of Indian troops. (A. H. Williams) 1-9 

of the Ardeatine caves identification of the dead. (W. Macleod) 

Military medicine in Italy : analysis of one year’s work in a medical division. 
(G. M. Komrower) 25-33 

A case of bilateral congenital hydro-ureter and hydronephrosis. (D. P. Burkitt & 
H. J. Hamburger) 34-37 

Poliomyelitis in Singapore. (A. M. MacFarlan) 37-39 

A case history of exfoliative dermatitis with complications. (L. Sefton) 39-41 

— of the stretcher bed (‘‘ Holman”) and attachments. (A. J. Lawlor) 


Journal the Royal Institute Public Health and Hygiene 
July 1946 

Some domestic uses of D.D.T. (C. P. Hay) 204-208 

The role of vitamins in the nutrition of children. (J. B. Alexander) 209-214 


bea a of gastro-intestinal infections, including dysentery. (W. Gunn) 
215-221 


August 1946 
Nursing and the public heaith. (EB. J. Merry) 244-250 


Journal the Royal Naval Medical Service 
April 1946 


Nerve regeneration : observations on motor and sensory recovery in a case of 
injury to the radial nerve. (A. E. de la T. Mallett) 61-88 

Some aspects of personnel research in North America. (R. W. Mussen) 89-97 

The health of the Women’s Royal Naval Service. (A. G. Rewcastle) 97-105 

The Maldive islands and their inhabitants. (J. M.S. Manson) 105-112 

Some problems of epilepsy in the Royal Navy. (1. Fergusson) 112-114 

Psychiatry in the Levant. (M. A. Partridge) 115-126 

Concomitant allergy and dolicho-megacolon in father and daughter. (J. W. L. 
Crosfill) 126-131 

Sulphonamide resistant pneumococcal loculated empyema treated with penicillin. 
(G. L. Ward) 132-136 

Blackwater fever. (P. K. Fraser) 136 


Journal Tropical Medicine and Hygiene 


August-September 1946 

The non-specific chemotherapy of malaria. (S. Lorant) 63-67 

The use of the sigmoidoscope in the diagnosis and prognosis of amoebic dysentery. 
(G. A. Rail) 68-69 

The cephalin-cholesterol flocculation test in typhoid and typhus fevers. (J. G 
Makari) 70-72 

A case of snake-bite. (C. E. Lumsden) 72-73 

Penicillin in Chagas’s disease. With a note on Chagas’s disease in Ecuador. 
(K. V. Earle) 74-76 

Tropical pyomyositis and its relation to deficiency of the vitamin-B complex. 
(D. Brouwer) 77 


Lancet 
22/6/46 
Population. (A. S. Parkes) 913-915 
Gonorrhoea in the female. (A. J. King & E. Gallagher) 916-919 
be or of lupus vulgaris with calciferol. (G. B. Dowling & E. W. P. Thomas) 
919-9. 
Cees of penicillin to infants. (J. L. Henderson & I. W. J. McAdam) 
922-! 
Homelessness in children : causes and prevention. (C. F. Brockington) 933-936 


29/6/46 
Phenylketonuria : 2 problem in eugenics. (L. S. Penrose) 949-953 
Pain of organic disease relieved by prefrontal lobotomy. (W. Freeman & J. W. 
Watts) 953-955 
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Laboratory diagnosis of Weil’s disease : six years’ observations. (A. D. Gardner 
& J. A. H. Wylie) 955-958 

Subacute hepatic necrosis treated with methionine : a successful case. (D. G 
Ferriman, G. E. O. Williams & D. S. Cadman) 958 

“* Burning feet ” in British prisoners-of-war in the Far East. (J. Simpson) 959-96 

Nutritional deficiency, painful feet, high blood-pressure in Hong-Kong. (G. t 
Harrison) 961-964 

6/7/46 


Democratic nursing. (S. M. Cohen) 1-4 

Accidental laboratory infection with tsutsugamushi rickettsia. (M. van den Ende 
S. Locket, W. H. Hargreaves, J. Niven & L. Lennhoff) 4-7 

The control of poliomyelitis. (J. Deeny & J. D. MacCormack) 8-9 

Pin and graft arthrodesis for osteo-arthritis of the hip. (J. Patrick) 9-11 

Survival of penicillin-sensitive organisms in dried penicillin. (H. Proom) 11-12 


13/7/46 
The tuberculosis service and the future. (N. Tattersall) 37-41 
Variations in reproductive pattern according to social class. (D. Baird) 41-44 
Demodex folliculorum in the human nipple. (H.S. D. Garven) 44-45 
Gramicidin S : review of recent work. (G. F. Gause) 46-47 
Ovarian cystectomy of twisted cysts. (S. Way) 47-48 
Hernia through the foramen of Winslow : report of a case. (L. Gillis) 48-49 


20/7/46 
Effects of slow starvation. (G. B. Leyton) 73-79 
Tubocurarine chloride as an adjunct to anzsthesia: report on 180 cases 

(F. Prescott, G. Organe & S. Rowbotham) 80-84 ; 

* Masked” syphilis : dangers of penicillin therapy. (E. Cronin) 84-85 
Preservation of the vein in operations for arteriovenous fistula. (J. Haile) 85-8’ 
Oil sterilisation of syringes. (K. B. Rogers) 87-88 
Tuberculous glands and sinuses treated with calciferol. (H. J. Wallace) 88 


27/7/46 
Effects of use and disuse on nerve and muscle. (J. Z. Young) 109-113 
Penicillin sensitivity of Bact. typhosum. (R. W. Evans) 113-114 
Sulphathiazole and penicillin in typhoid fever: report of six cases. (C. J 
McSweeney) 114-117 
Malaria transmission in Borneo. (J. N. McArthur) 117-118 
Penicillin via fallopian tubes. (A. R. Frisk & A. Westman) 118-119 
Digestibility of high-extraction wheaten flours. (R. G. Booth & T. Moran) 


119-122 
3/8/46 
her defects in prisoners-of-war from the Far East. (H. E. Hobbs & F. A. Forbes) 
9-153 
intrathecal streptomycin in meningitis : clinical trial in tuberculous, coliform, 
and other infections. (H. Cairns, E. S. Duthie & H. V. Smith) 153-155 
Folic acid in the treatment of pernicious anaemia : report of five cases. (J. F 
Wilkinson, M. C. G. Israéls & F. Fletcher) 156-158 
Benadryl in hay-fever : a note on its action. (D. Harley) 158-159 
Fat-digestion in sprue studied by intestinal intubation. (G. A. Smart & R. Daley) 
159-160 


10/8/46 

Epidemiology and the psychosomatic affections : a study in social medicine 
(WJ. L. Halliday) 185-191 

Variation in the female pelvis. (C. Nicholson & H. S. Allen) 192-195 

-—— immunisation of a force in the field against diphtheria. (J. S. K. Boyd) 
195-196 

Erysipeloid : survey of 115 cases. (P. F. King) 196-198 

Direct test for blocking antibody in treated hay-fever. (K. Maunsell) 199-201 

Grey hair ill-nourisned (L. Nicholls) 201 

Short-cut method in applying nutritional principles. 208-209 


17/8/46 

Penicillin inhalation in pulmonary disease. (J. H. Humphrey & H. Joules) 221—22> 

Inhaled penicillin in bronchial infections. (N. Southwell) 225-227 

Casein hydrolysate : a supplementary food for premature infants. (J. E. Jorpes. 
J. H. Magnusson & A. Wretlind) 228-232 

Acute abdominal lymphadenitis in children. (A. H. Baker & U. James) 232-234 

Artificial pneumoperitoneum as an emergency measure in severe haemoptysis. 
(A. J. Benatt) 234-235 

Poisoning by D.D.T. emulsion: report of a fatal case. (K. Biden-Steele & 
R. E. Stuckey) 235-236 

Tropical eosinophilia in Egypt : report of a case. (E. Stephan) 236 

Renal pathology in the lignt of recent neurovascular studies : preliminary com- 
munication. (J. Trueta, A. E. Barclay, P. Daniel, K. J. Franklin & M. M. 1. 
Prichard) 237-238 

Nutritional retrobulbar neuritis : nutritional optic neuropathy. (D. F. Moore) 

248 


24/8/46 
Serious psychiatric disability among British officers in India. (R. F. Tredgold, 
G. Kelly, H. N. Heffernan & P. R. W. Leigh) 257-261 
Vitamin A and skin disease. (Z. A. Leitner & [. Moore) 262-265 
Stabilisation of penicillin solutions with phosphate. (R. J. V. Pulvertaft « 
J. Yudkin) 265-267 ‘ 
A syndrome simulating acute abdominal disease. (B. W. Goldstone & H. %. 
Le Marquand) 267-270 
a resembling diphtheria : report of an unusual case. (H. S. Banks) 
Peptic ulcer treated with gastric and intestinal extracts. (O. Hubacher) 272-27+ 
Advertising patent medicines. (J. W. P. Thompson) 280-282 


31/8/46 

Myth and mumpsimus. (J. R. Forbes) 293-295 

Medical photography : a review. (P. Hansell) 296-299 

The hospital photographic department. (B. Stanford) 299-301 
Anatomical models in teaching. (R. de Seigneux) 302 

Children who spend too long in bed. (J. A. McCluskie) 302-303 
Strasbourg and Manchester : a proposed liaison. (R. Platt) 328-329 


7/9/46 
Epidemic thrombophlebitis in the East Africa Command. (P. E. C. Mans« 
Bahr Charters) 333-335 
Nausea and vomiting of pregnancy. A study in psychosomatic and soc:1l 
medicine. (G. G. Robertson) 336-341 
Calf plasma serum for transfusion. (J. Massons) 341-343 
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Typhoid carriers treated with penicillin and sulphathiazole. (C. H. Comerford, 
H. Richmond & W. W. Kay) 343-345 

Pyridoxine (vitamin B,) in epilepsy. (J. T. Fox & G. M. Tullidge) 345 

Primary diphtheria of the conjunctiva. (A. R. Miller & D. E. Blower) 345-346 

Peritoneal nodules of unknown aetiology. (H. Ibrahim) 346-347 

Fractional test-meais on students awaiting examination results. (M. Floyer & 
D. Jennings) 356-357 


The world health organisation and its interim commission. (N. M. Goodman) 
358-359 


Medical Officer 
13/7/46 
\ further study of the growth of infants in the first year of life. A comparison 
between war years as compared with pre-war years in the town of Glossop. 
(E. Lewis-Faning & E. H. M Milligan) 17-21 
20/7/46 
\ further study of the growth of infants in the first year of life. A comparison 
between war years as compared with pre-war years in the town of Glossop. II. 
(E. Lewis-Faning & E. H. M. Milligan) 29-31 
infant mortality in Chester. (J. W. Lobban) 31-33 
27/7/46 
\ further study of the growth of infants in the first year of life. A comparison 
between war years as compared wiih pre-war years in the town of Glossop. Ul. 
(E. Lewis-Faning & E. H. M. Milligan) 39-41 
the Scottish Council for Health Education. (A. Davidson) 41-42 
Health centres and the national health service. (S. T. Beggs) 42-43 


3/8/46 
Ophthaimia neonatorum. (A. Sorsby) 49-50 
the midwifery services : retrospect and prospect. (A. J. Bennett) 50-52 


10/8/46 
Heavy pollution of an inland reservoir by seagulls. (J. F. Warin) 61-62 
Of the heights of water closets. (J. M. M. & A. W.S. T.) 6 


17/8/46 
Bread. (C. F. Brockington) 73-74 
international statistical needs of public health. (H. L. Dunn) 74-77 


24/8/46 
Nutrition of Liverpool school children. 83 
The L.C.C. hospitals in war-time. 83-85 
Epidemic jaundice. (A. C. Turner) 86 
Treatment of pemphigus neonatorum with penicillin. (E. R. Gilmore) 86 


31/8/46 
Memorandum on B.C.G. (W.H. Tytler) 95-98 


Medical Press 
216 10/7/46 
the modern treatment of corneal opacity. (T. H. S. Tizzard) 22-25 
Diagnosis and treatment of injuries of the semilunar cartilages of the knee joint. 
(J. M. Turner) 25-28 
and treatment of non-tubercular urinary infections. (H. M. Williams) 


Portrait of a Greek neurotic—Aflius Aristides. (J. Cahill) 30-32 
Visual education—1. (P. Hansell) 33 


216 17/7/46 

Mental deficiency services. (C. W. J. Ingham) 38-44 

The treatment of gout. (C. Sundell) 44-47 

Differential diagnosis of the acute abdomen in children. (R. Rutherford) 47-50 


216 24/7/46 
Tumours of the intracranial blood vessels. (J. Shafar) 56-59 
The treatment of the decompensated heart. (M.O. Raven) 59-61 
The treatment of skin disease with intramuscular penicillin. (R. R. Willcox & 


R. Nutt) 61-65 
216 31/7/46 
The child welfare services and the general practitioner. (J. Mackintosh) 74-76 
The modern treatment of syphilis. (J. Marshall) 77-81 
The treatment of myasthenia gravis. (M. Walker) 81-84 
National aspect of deafness. (H. N. Barnett) 84-85 


216 7/8/46 

The modern treatment of epilepsy in general practice. (R. Handley) 92-94 
Injuries of the knee-joint. . M. Taylor) 95-99 

Gold therapy in G. Smith) 100-102 

The history of deafness and its treatment. (H. N. Barnett) 102-103 


216 14/8/46 
The school medical service. (L. Roberts) 110-114 
The modern treatment of acne. (C. M. Warren) 115-117 
Some common fractures of the arm. (N. Heath) 118-120 
Pathology of deafness. (H. N. Barnett) 120-122 


216 21/8/46 
[reatment and prognosis in urinary lithiasis. (H. G. Hanley) 128-132 
The diagnosis diphtheria and the immunisation children school age. 
(R. Smith) 132-136 


Diagnosis of deafness. (H. N. Barnett) 136-138 
Aseptic surgical ig my a simple method for recording operative 
procedure. (B. R. Billings) 138-140 
216 28/8/46 
the child guidance service. (W. M. Burbury) 146-149 


The modern treatment of metrorrhagia. (D. M. Stern) 149 -153 


The anxiety syndrome. (K. Hazell) 153-155 
“ The staff of life.” (J. Oldfield) 155-156 
Prevention of deafness. (H. N. Barnett) 157-159 


216 4/9/46 
The modern treatment of obsessional neurosis. (D. E. Sands) 164-168 
Post-operative complications. (C. Wakeley) 168-170 
The infant who fails to thrive. (V. Smallpeice) 171-174 
The place of the brain in hearing. (H. N. Barnett) 174-175 
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Monthly Bulletin, Ministry Health Emergency Publie 
Health Laboratory Service 


July 1946 


Cogmatotets in the control of bacterial infections. (R. Cruickshank) 


The comparative mortality index. (P. Stocks) 149-153 

Diagnosis of malaria—examination of specimens. 153-154 

Notification of infectious diseases in England and Wales, May 1946. 15 

The incidence of Weil’s disease in Grimsby fish-workers. (F. Xa Mey 155-157 

A case of food poisoning in man probably caused by the consumption of a duck’s 
egg. (Further report.) (E. H. Gillespie) 157-158 

A note on the preparation of tetrathionate broth. (V. Rolfe) 158-159 


August 1946 
The effects of enemy occupation on the dental condition of children in the 
Channel Islands. (E. M. Knowles) 162-172 
Cancer mortality in England and Wales. (P. Stocks & R. MacKay) 172-180 
Notification of infectious diseases in September and December quarters of 1945, 
ware to sex and age and corrected for subsequent changes in diagnosis. 
1-18 
Notification of infectious diseases in England and Wales, June 1946. 182 
= due to Salm. paratyphi C. (C. P. Beattie, H. Lawy & J. Taylor) 
4-187 
A post-nasal swab suitable for culturing Haemophilus pertussis. (H. A. Tarr) 
187-188 


Practitioner 


157 August 1946 

The malaria patient. (B. Maegraith) 81-92 

Amoebiasis. (W. H. Hargreaves) 93-100 

Surgery in the tropics. (D. Fettes) 101-106 

Heatstroke and sunstroke. (J. B. Kirk) 107-113 

Skin diseases in the tropics. (A. G. Fergusson) 114-122 

Social medicine in the tropics. (W. H. Kauntze) 123-130 

Rheumatic symptoms in general medicine. (A. Abrahams) 131-134 

Mushroom ” poisoning. (C. A. Birch) 135-140 

Early recognition of disease. VIII. Non-specific arthritis in adults. (G. R. P. 
Aldred-Brown) 141-146 

Revision corner : Leucorrhoea. (K. Bowes) 147-148. Toxaemia of pregnancy. 
(B. Rickford) 148-150. Orthoptics. (1. Mann) 150-151 


157 September 1946 
Recent trends in the incidence of infective fevers. (W.H. Bradley) 161-169 
Prophylaxis in some common fevers. (E. H. R. Harries) 170-177 
The treatment of the infective diseases. (F.L. Ker) 178-183 
Prognosis in the infective fevers. (H.S. Banks) 184-190 
Smallpox in the vaccinated. (E. T. Conybeare) 191-199 
Evaluation of the negative radiological report. (J. F. Brailsford) 200-205 
Ophthalmic problems in industry. (J. Minton) 206-209 
Some dermatological fallacies. (A. J. Ambrose) 210-212 
The complications of pregnancy. (W. C. W. Nixon) 213-218 
Revision corner: Dysphagia. (F. A. Jones) 219-221. Asthma. (E. C. 
Warner) 221-223. The choice of barbiturates. (R. H. Micks) 223-224 


Proceedings the Nutrition Society 
1946 


26th Scientific Meeting : the vitamin B complex : 

The vitamin B complex: introductory survey. (L. J. Harris & E. Kodicek) 
81-92 

Role of members of the vitamin B complex in enzyme systems. (J. H. Quastel) 
92-106 

Some recently characterized members of the vitamin B, complex. (F. A. 
Robinson) 106-116 

Growth factors and growth inhibitors for micro-organisms. (B. C. J. G. 
Knight) 116-132 

Fermentation and human nutrition. (B.S. Platt & R. A. Webb) 132-140 

The vitamin B, complex and anaemia. (L. Wills) 140-150 


27th Scientific Meeting : losses of nutrients in the preparation of foodstuffs : 
Some aspects of the waste problem : cooking and plate waste. (M. Andross) 
155-164 
Loss of nutrients in cooking. (C. P. Stewart) 164-176 
Losses of nutrients in the conservation of farm produce and of animal feeding 
stuffs. (S. J. Watson) 176-184 


Proceedings the Royal Society, 
Partial Index 


133 August 1946 

Siderocytes in mammalian blood. (R. A. M. Case) 235-248 

The reproduction of the house-mouse (Mus musculus) living in different environ- 
ments. (E. M. O. Laurie) 248-281 

Filtration of droplets in the nose of the rabbit. (C. N. Davies) 282-299 

Control of nucleic acid charge on the X-chromosome of the hamster. 
(P. C. Koller) 313-326 

A study of an insect cuticle : the larval cuticle of Sarcophaga falculata Pand. 
(Diptera). (R. Dennell) 348-373 

Excitation of the nerve-muscle system in Crustacea. (B. Katz & S. W. Kurffler) 
374-389 


Proceedings the Royal Society Medicine 
April 1946 


Discussion on the toxaemia of gas gangrene. (F. A. R. Stammers, 
J. D. MacLennan, M. Macfarlane, P. Hartley & D. G. Evans) 291-296 

Dysplasia epiphysealis multiplex. (H. A. T. Fairbank) 315-317 

Cerebral palsy. (E. S. Evans) 317-320 

Pillion fractures. (F. Radcliffe) 320-321 

An analysis of the failures of the Smith-Petersen operation for fracture of the 
femoral neck. (G. O. Tippett) 322 

The epidemiology of the = outbreak of poliomyelitis in Mauritius (summary). 
A. McFarlan) 323-324 

Popular health education. (C. Hill) 324-326 

Retropubic prostatectomy. (T. Millin) 327~338 
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GUIDE THE JOURNALS 


Observations on the value of electromyography in lesions involving the lower 
motor neurone in man. (G. Weddell) 339 

The value of electromyography in lesions involving the lower motor neurone. 
(R. E. M. Bowden) 339-341 

bes oe and evolution of adolescent deformities of the spine. (F. H. Kemp) 
4 46 

Arterial supply of the mandible (A. MacGregor) 347 

A comparative study of the innervation of the epithelium of the gum. (W. Lewinsky 
& D. Stewart) 348-354 


May 1946 

Discussion on the stethoscope versus X-rays. (J. Maxwell, P. Kerley & L. G. Blair) 
355-357 

Nutritional neuropathy in repatriated prisoners of war from the Far East 
(C. A. Clarke, lL. B. Sneddon, E. R. Cullinan, J. D. Spillane & B. H. Kirman) 
357-360 

Treatment of acute osteomyelitis with penicillin. (R. 
E. C. B. Butler) 371-382 

Discussion on neonatal infections. (B. Corner, A. Sorsby & E. Field) 383-388 

Discussion : intestinal disorders of the newborn. (R. Cruickshank, R. Lovell, 
A.N. Worden, R. L. Worrall, R. Sutherland, M Dynski-Klein, M. Crawford & 
M. Bodian) 389-394 

Discussion on anaesthetics in tropical climates. (H. K. Ashworth, R. E. Pleasance, 
V. Goldman & B. R. M. Johnson) 395-400 

A milestone in anaesthesia? (d-Tubocurarine chloride). (T. C. Gray & J. Halton) 


400-410 
Discussion on carcinoma of lower oesophagus and cardia. (N. C. Tanner, 
(H Jackson & J. J. Fleminger) 423-430 


P. R. Allison, lL. Lewis, A. Shorter & D. Barlow) 411-422 

Discussion on cortical atrophy. 

Unilateral hyperplasia of the mandibular condyle. (M. A. Rushton) 431-438 

June 1946 

Discussion on the value of play therapy in child psychiatry. 
A. Maberly) 439-443 

Discussion : prefrontal leucotomy with reference to indications and results. 
(F. L. Golla, W. Freeman, J. W. Watts, E. C. Dax, E. J. Radley-Smith, 
L. C. Cook, R. Strom-Olsen, J. N. P. Moore, J. Frank et al.) 443-458 

Discussion : indications for the technique of intracapsular extraction of cataract. 
(O. M. Duthie, J. Foster et al.) 460-464 

Discussion on penicillin in the treatment of syphilis. (J. Marshall, A. J. King 
et al.) 465-474 

Discussion on photography in relation to dermatology. (A. C. Roxburgh e1 al.) 
475-479 

Discussion on vascular injuries in war. (J. J. M. Brown, A. M. Boyd, J. R. 
Learmonth, F. Albert & B. C. Maybury) 483-494 

Diagnosis and treatment of chronic cholecystitis, (M. Shaw, G. T. Calthrop & 
A. J. Gardham) 495-500 

Male euncchism considered in the light of the historical methed. (A. P. Cawadias) 
501-506 
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July 1946 
The birth of modern endocrino'ogy. (W. Langdon-Brown) 507-510 
Treatment of ulcerative colitis with irtestinal mucosa. (A.M. Gill) 517-519 
oom observations on the aetiology and treatment of sprue. (A. L. Wingfield) 
19-522 
Discussion on rhinology in the Mediterranean and African areas. 523-530 
Tomography in the diagnosis of lung carcinoma. (J. B. Hartley) 531-534 
Some observations on radiology of the pancreas. (R. A K. Harper) 534-537 
Experimental study of the vertebral venous system—preliminary report. 
(A. S. Johnstone) 538-540 
Discussion on the use of medicaments in am of the colon and rectum. 541-550 
Discussion on placenta praevia. 551-558 
Discussion on water metabolism in pregnancy. 558-568 
The problem of “ postmaturity ". (A. J. Wrigley) 569-574 


August 1946 
Symposium on the surgical treatment of myasthenia gravis. 600-604 
The influence of wave-lengths on certain lesions produced by the irradiation of 
mice. (A, Lacassagne) 605-612 
Discussion on the chemotherapy of meningitis secondary to infection of the ear 


and nasal sinuses. 613-628 
Phthisis in the seventeenth century. (S. L. Cummins) 629 632 


Intravenous pentothal as the sole anaesthetic for tonsillectomy. (C. Hayes) 
6 4 


Personal experience of bronchoscopy. (G. Organe) 635-636 
Discussion on dental structure and dental caries. 637-645 
A case of Kostecka’s operation for the correction of the prognathous mandible. 


(C. B. Henry) 646-648 
Homologous serum jaundice. (W. H. Bradlev) 649-654 
Homologous serum hepatitis. (F.O. MacCallum) 655-657 
Two cases of homologous serum jaundice. (H. E. Magee) 657-659 
Progress and problems in port health administration. (P. G. Stock) 6€0-672 
Radiation treatment of cerebral tumours. 673-680 


Health 


April 1946 
Lines of approach to public health. (T. Ferguson) 95-98 
Allergic shock following administration of anti-diphtheritic serum. (1. M. 


Librach) 98-100 
outbreak Sonne dysentery. (C. Hogg) 100-103 


Hygiene in the schools ; and the School Heaith Services. 


May 1946 
Some problems in rural et health. (H. E. Marsden) 112-115 
The Teviot report. (A. wr ey. 115-117 
The treatment of cancer. (F. E . Chester-Williams) 117-119 


June 1946 
Contributions to public health statistics. (E. B. Wilson) 125-128 
The public analyst and recent food and drugs legislation. (G. H. Walker) 128-133 


103-105 


July 1946 
The organisation of medical work. (J. J. Buchan) 142-144 
From “ drainpipe concept” to biological background. (J. G. Wilson) 145-147 


August 1946 
bas pe of the rheumatic problem to public health. (J. W. T. Patterso: 
1 
The cleansing and “ sterilisation” of mess tins in the field. (B. Mann) 161-1¢ 
The present position of pertussis prophylaxis and control. (H. J. Parish, W. Gu: 
Ungar) 165-166 
Premature births in Warwickshire, 1945. (F. Brockington) 166-167 
September 1946 

Opportunities for research in the school health service. (H. M. Cohen) 175-17 
School meals and milk. (J. R. Marrack) 178-180 


Syphilis in pregnancy: preliminary report on a Tyneside investigatio:: 
(W. V. Macfarlane) 181-185 


Quarterly Journal Experimental Physiology 
June 1946 
The physiological effects and fate of cyanogen chloride. (W. N. Aldridge 
C. L. Evans) 241-266 
The relationship of heparin to trauma. (J. Pollard & S. B. Stoker) 267-289 
Congestive atelectasis in lungs of rabbits and other animals subjected to ( 
action of low barometric pressure. (J. Fegler & J. Banister) 291-309 
Radiographic studies of the effects of mepacrine on the gastro-intestinal tr: 
of the rat. (Army Malaria Research Unit, Oxford & The Nuffield Institu 
for Medical Research, Oxford) 311-321 


Quarterly Journal Medicine 
April 1946 


Description of an outbreak of beriberi with special reference to the aetiology of 
beriberi and epidemic dropsy. (E. R. Cullinan, A. Kekwick, A. S. Watts & 
W. L. Titman) 91-105 

The heart in anaemia. (A. Hunter) 107-124 

Complete congenital agenesis of a lung. (J. Smart) 125-139 

Anomalies of intestinal absorption of fat. 1. The determination and significance 
of faecal fat. (W. T. Cooke, J. J. Elkes, A. C. Frazer, J. Parkes, A. L. P. Peeney, 
H. G. Sammons & G. Thomas) 141-155 


July 1946 
a ey the Parkinsonian syndrome in the twentieth century. (H. Dimsdale; 
Craniofacial dysostosis : 
R.K Harper) 171-181 
The epid:miology of the 1945 outbreak of poliomyelitis in Mauritius. 
McFarlan, G. W. A. Dick & H. J. Seddon) 183-208 
The ocular manif:stations of tuberose sclerosis. (G. S. Hall) 209-220 
The estim ition of prostatic phosphatase in serum and its use in the diagnosis 0: 
prostatic carcinoma. (PF. K. Herbert) 221-241 


the significance of écular bypertelorism. (A. Brown 


(A. 


Rheumatism 

July, August, September 1946 
Notes on the management of the rheumatic patient. (F. Bach) 18-20 
— X in spondylitis and chronic rheumatism. (F. Hernaman-Johnson) 
Focal sepsis—rhinological point of view. (I. Robin) 25-27 
Infection of the cervix uteri and rheumatism. (T. Ogg) 28-29, 31 
Some methods of treatment of rheumatism in the U.S.A. (N. Kellgren) 30-31 
Chronic oral sepsis and its relation to rheumatism—part I. (W. Peebles) 32-34 
To move or not to move. (J. Mennell) 35-38 


Thorax 
March 1946 
Carcinoma of the bronchus. (A. T. Edwards) 1-25 
Pneumonitis. (R. Coope) 26-29 
Helium in the treatment of asthma. (R. Doll) 30-38 
Stainless steel wire suture technique in thoracic surgery. 
Spontaneous perforation of the oesophagus. 
three new cases. Barrett) 48-70 


June 1946 
Tin mining and silicosis in Cornwall. (L. W. Hale) 71-92 
Residual iodized oil following bronchography. (H. E. Counihan) 93-99 
Pulmonary tuberculosis in African native troops. (N.C. Oswald) 100-117 
The :xamination of the sputum and pleural fluid in the diagnosis of malignan: 
disease of the lung. (J. Bamforth) 118-127 
Anoxia and the central nervous system : 
(B. G. B. Lucas) 128-142 


Tropical Diseases Bulletin 


July 1946 
A review. (A. R. D. Adams) 613-617 


August 1946 
Control of schistosomiasis. (J. J. C. Buckley) 693-696 


Ulster Medical Journal 


May 1946 
Malaria in war. (J. A. Sinton) 3-28 
a in subacute bacterial endocarditis. 


(R. Belsey) 39-47 
Review of the literature and repor! 


an experimental and clinical study 


The treatment of amoebiasis. 


Some reflections on the ideal hospital of the future. (H. Platt) 42-47 

Some reflections on the evolution of medicine. (G. F. Campbell) 48-57 
Cyclopropane anaesthesia. (J. Boyd) 58-77 

Electrical convulsant therapy. (R. Thompson) 78-84 

Currents and eddies in practice. (A. Patton) 85-90 , 

Deposition at the adjourned inquest on the death of four firewatchers.(H. Barcro’t) 


91-95 
Inhaled and swallowed foreign bodies. (K. Hunter) 96-102 
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